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REVIEW

Brewing with Enzymes
B. A. Sa t y a n a r a y a n a  R ao  a n d  V. V. L. N a r a sim h a m *

Central Food Technological Research Institute, Mysore
Traditional brewing is in practice over centuries. The raw material used in brewing is barley malt. M alting is an expensive process 
which involves soaking o f barley grain, germination followed by kilning. With the increasing knowledge about enzymes and im
proved technology brewers are employing the microbial enzymes to mash barley and other cheaper starchy materials and obtain 
wort similar in character to all-malt wort. New developments in he production of barley and other syrups have thrown open other 
fermentable sources for the manufacture of beer.

In any technological process, economics play a] 
dominant role in deciding the cost of the final product.! 
Brewing technology is no exception to this. The chief 
raw material used in brewing is barley malt. The cost 
of the barley grain gets doubled in the process of malting. 
Besides providing desirable characters such as flavour, 
colour, etc., conversion of barley grain to malt gives rise 
to the production of various enzymes during germina
tion. Among these are included proteases and amylases. 
Activities of these enzymes are very well known. Some 
microbes are known to produce these enzymes in con
siderable quantities under appropriate conditions. If 
these microbial enzymes could be used in brewing, 
considerable quantity of malt can be replaced by barley 
grain or other starchy materials with advantage. The 
cost of production could be reduced which in turn, 
lowers the cost of the finished product.

An attempt has been made in this review to give a 
brief outline of the enzymes produced during malting, 
their functions during wort preparation and the use of 
microbial enzyme during brewing and the advantage in 
using them.Brewing is an age-old art. The brewer’s most import
ant raw material has always been barley grain which is 
converted into malt by steeping, germination and kiln
ing. This process, known as malting, involves soaking 
of barley grains in water at a temperature of about 12°C 
for 36 hr with frequent aeration; the wet barley is germi
nated around 14°C for a period of about 144 hr and later 
kilned at a temperature not exceeding 85 °C to limit the 
moisture content of malt to about 4 per cent. Many 
enzymes are developed during germination and some of 
them are destroyed during kilning. During this process 
malt develops desirable flavour and colour. Malting 
aids in providing adequate quantity of fermentable 
material during wort production and affords nutrients 
for yeast during fermentation and contributes desirable

organoleptic properties to beer1. Other ingredients used 
in the production of beer apart from the malt are hops 
and adjuncts such as barley, rice, maize, rye, sugar, etc.

Traditional practice of brewing: Malted barley is 
crushed carefully in a mill in such a way that the contents 
inside the husk become a very coarse flour leaving the 
husk intact. The crushed material is mashed to extract 
the contents. This is achieved either by the infusion 
mashing process or by the decoction mashing process2.

Infusion mashing: This process which is common in 
Britain, involves grinding malt and a smaller amount of 
unmalted cereal used as adjunct preferably in a precook
ed condition. The ground material called grist, is inti
mately mixed with water usually 2.5 times the weight of 
grist and held at a temperature of 52 °C for 30 min and 
raised to 63 °C in about 20 min and this temperature 
is maintained for about 60 min; it is further raised to 
78°C in about 40 min and held for 10 min before being 
allowed to run into a lauter tun.

Decoction mashing: This differs from infusion mash
ing in many respects. Malt is ground more finely than in 
the infusion process; grist is mixed with water at about 
35-40°C. One third of the mash is transferred to a mash 
copper and the temperature is increased gradually to 
about 70°C, then boiled and transferred back to the 
original vessel and mixed. The overall temperature by 
this time increases to around 50°C. After allowing 
to stand for some time one third of the mash is 
again transferred to the mash copper and boiled as 
before. When put back to the main mash the tempera
ture will have increased to about 75 °C. The entire mash 
is boiled before separating the grain from the wort in a 
lauter tun. Mashing temperature depends on the type 
of malt and adjuncts used.

Sweet wort obtained by either of the process is then 
boiled with hops to extract the bitter principles of hops. 
Sugar is added if necessary. Spent hops are separated.

• M 's. Hindusthan Milk Food M anufacturers Ltd., Bommuru, Rajmandhri, A.P.
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Hopped wort is cooled, filtered and pitched with a 
. elected strain of brewer’s yeast and fermented.

le, common in Britain, is produced by fermenting at 
15-AFC hopped wort obtained by infusion mashing and 
using top yeast (Saccliaromyces cerevisiae). Lager beer 
common in Europe is produced by fermenting at 10-15°C 
hopped wort obtained by decoction mashing and using 
bottom yeast (Saccharomyces carlsbergensis). Chemical 
and biochemical changes taking place during fermenta
tion by yeast is too well known.

Enzymes and their action during malting: During 
germination, significant biochemical changes take place. 
These include the synthesis of several hydrolytic enzymes 
such as carbohydrases and proteolytic enzymes. Un
malted barley contains considerable amounts of fi- 
amylase, while °< -amylase is formed during germination. 
A limited degradation of reserve starch takes place 
during germination. Proteolytic enzymes degrade 
proteins to polypeptides and amino acids. Oxidases and 
peroxidases increase during malting and play important 
role in the development of colour during wort production. 
Hemicellulases and in particular fi-glucanases formed 
during malting, degrade g-glucans of barley to low mole
cular glucose polymers. The decomposition products of 
protein play significant role in determining the charac
teristic of beer, viz., foam, haze, flavour, etc. Arnino 
acids are valuable nutrients to yeast cells. Thus barley 
is modified considerably during malting including 
kilning.

Enzyme action during mashing: Proteolytic and 
amylolytic enzymes play significant role during mashing. 
Proteolytic action initiated during malting will be com
pleted during mashing resulting in the solubilisation of 
amino acids. Gelatinisation, liquefaction and hydro
lysis of starch take place by the action of appropriate 
enzymes. Degradation of starch to fermentable sugars 
is the major biochemical change that takes place. De
graded products of starch and the important enzymes 
involved are shown in Fig. 1.
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The efficiency of mashing depends upon several fac
tors—temperature, pH, concentration of the mash, 
composition of the grist, etc. The rates of solubilisation 
of starch, extraction of the hydrolytic enzymes from the 
malt, hydrolysis of starch and thermal inactivation of 
the enzymes are all governed by the exact conditions of 
mashing and any alterations in the programme affect 
the final product, unless the conditions are modified 
suitably. The starch degrading enzymes differ in their 
optimum pH and temperature requirements and hence 
any variations in the pH of the mash or alteration of 
temperature affect the characteristic action of the 
enzymes during mashing. Boiling of wort, however, 
destroys all the enzymes.

Malt substitutes and brewing with enzymes: Unmalt
ed barley is one of the adjuncts used in brewing. In
vestigations3-8 have been carried out to alter and in
crease the proportion of barley to malt so that the enzy
matic activities of malt could be exploited to the maxi
mum. However, a loss of extract, prolonged time of 
saccharification and an increase in the viscosity with 
the increased amount of barley was noticed. By employ
ing special malts very rich in diastatic power these 
defects are reported to have been corrected9.

The capital cost of malting plants are high and malting 
losses during processing are also considerable. A new 
chapter in the field of brewing is opened with the in
creasing knowledge about enzymes, in particular about 
the starch splitting and proteolytic enzymes. These 
essential enzymes needed during mashing can now be 
obtained from microorganisms. In order to reduce the 
viscosity of wort, cytolytic enzymes of Tricothecium 
reseum have been used by Salmonova et a/.,10 when 
unmalted barley was used as on adjunct. When part of 
the malt was replaced by maize, saccharification of starch 
has been reported to be achieved by using Japanese 
amylase admixed with Aspergillus oryzae.11 The yield 
of extract has been reported to be lower by 5-10 per cent 
than when malt enzymes and Aspergillus oryzae were 
used. Enevoldsen12 observed that experimental mash of 
ungerminated barley with 5-10 per cent malt and with 
the addition of debranching enzyme pullulanase gave 
good yield of wort with high degree of attenuation.

With the advent of microbial enzymes attempts13“19 
have been made to use bacterial proteases and bacterial 
amylases and fungal amylases and glucamylases during 
mashing and wort production when part of the malt has 
been replaced by unmalted barley grain. The object is 
to replace malt by a large quantity of unmalted barley 
or feed barley or any cheaper starchy grain so that 
expensive malt could be conserved, and wort characters 
would not alter much from all-malt wort. Total replace
ment of malt is unrealistic and according to Sorensen20 
about 50-60 per cent replacement of malt by unmaltedFig. 1. Degradati i  and the enzymes involved.



SATYANARAYANA RAO AND NARASIMHAM: BREWING WITH ENZYMES 121
barley has been found to be suitable to produce wort and 
later beer.

Process o f brewing with enzymes: The barley-malt 
mixture was mashed at 52°C with the addition of bacte
rial amylases and proteases29. Enzymes were dissolved 
in water immediately prior to addition. Where adjunct 
was used, it was separately liquefied by using bacterial 
amylase. Enzymes were stabilised by adding calcium 
hydroxide. Liquefied adjuncts were then mixed with 
the mash and the pH was adjusted to 5.6 by addition of 
phosphoric acid and saccharification was carried out for 
60 min at 63°C. The temperature was then raised to 
70°C and maintained until complete saccharification 
took place as indicated by the absence of staining iodine 
and the mashing was completed at 78 °C, the entire 
operation lasting about 180 min. Filteration was found 
to be normal and the clear wort was hopped as usual, 
freed from spent hops and hopped wort on cooling was 
fermented with yeast in the usual way. The fermentation 
was completed in about 6 days at 10°C.

Prevalence of aerobic Streptococci has been found21 
to be much more in American malts than in barley and 
use of larger quantity of unmalted barley and use of 
microbial enzymes seemed to have minimised the hazards 
of bacterial contamination.

FDA of the United States considers20 that amylases 
and proteases produced from Bacillus subtilis, Aspergillus 
niger and Aspergillus oryzae are safe for use in food indu
stry provided foods are produced from sound raw 
material and in accordance with good manufacturing 
practice. The British Biological Research Association 
has confirmed that bacterial amylase in the brewing 
industry does not constitute any risk to health. The 
concentration of enzymes used in brewing will be in the 
range of 0.05 to 0.5 per cent based on the dry weight of 
the raw material. The concentration of the enzymes in the 
finished product (beer) will be far less. Enzymes added 
in the mash tun will be destroyed during boiling of wort 
and will not occur in active state in the finished beer.

When microbial enzymes are employed, certain 
technological modifications become necessary during 
mashing and wort production. Attempts have been made 
to use wet-milling of barley22,23’28,29, preservation by the 
use of sulphur dioxide23 steeping barley for different 
periods24,27,30, alteration of water: grain ratio24,30, etc. 
Filtration of wort has been reported to be normal in 
most cases and in some settling of yeast has been found 
to be better than in control.

It is a general practice to use yeast for 8 to 10 succes
sive generations in brewing. In pilot plant studies con
ducted by Brenner28 using microbial enzymes for 
mashing, 13 generations of yeast have been used with 
normal rate of fermentation and without any deleterious 
effect on beer.

Quality of beer: Lautenbauch and West31 claim to 
have obtained higher yield of extract when wort was 
prepared using 20 per cent corn grist and 80 per cent 
malt with the addition of microbial enzyme preparations. 
Macey and coworkers32 published a report on brewing 
tests with 100 per cent unmalted barley using bacterial 
enzyme preparation containing both amylase and pro
tease. However, incorporation of 5 to 10 per cent malt 
is reported to have given better results. Klopper33 
noticed insufficient saccharification when 100 per cent 
barley was brewed along with bacterial protease and 
amylase; incorporation of 10 per cent malt improved the 
situation. A satisfactory beer is reported25-20-30 to have 
been made both on pilot and full scale from wort prepar
ed from 25 per cent malt, 25 per cent maize grist and 50 
per cent barley along with bacterial enzyme preparation 
containing a mixture of protease and amylase. Addition 
of glucamylase17,25,26,34 seemed to have increased the 
fermentability of the wort.

Klopper33 observed a high level of diacetyl content, 
improved foam stability and reduced colloidal stability 
in the beer. An increased resistance against chill haze 
formation has bee* noticed29 on adding glucamylase. 
The low fermentability of barley wort was fully 
compensated by the addition of fungal << -amylase and 
the apparent attenuation of the beer has been reported29 
to be approximately 1.5 per cent more than that of the 
control. Organoleptically barley beer (brewed with 
microbial enzymes) has been found16,18,19,29,30,30,37 to 
compare favourably with control beer (all-malt beer), 
though according to Brenner28 control beer was more 
aromatic and estery than barley beer. It has been found 
that barley beer could be lagered, filtered and finished 
in the normal way. Though the colour is reported to 
have been paler, the colour stability has been found to be 
better than that of control beer. Studies made by Dubiel 
and Golebiawski38 have indicated that beer of good 
flavour could be obtained using unmalted barley 
upto 50 per cent with malt and purified amylase. 
About 25 per cent saving in filtration time was achieved 
by Enkenlund39 and Ducroo and Delecourt40 when fl- 
glucanase was added during mashing.

Brenner28 has schematically shown (Fig. 2) the 
proportion of barley to be used and the quality of beer 
expected when brewed along with microbial enzymes. 
Replacement of malt by unmalted barley upto 60 per 
cent, according to the author, is expected to yield very 
good beer when brewed with microbial enzymes.

Mash cycle of barley brew as shown in Fig. 3 
has been found29 to fit 8 brews per day schedule. 
The exact temperature and time were not found critical 
within the recommended temperature maxima. Pro
longation in the mash cycle has been found to increase 
the fermentability of the wort.
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Fig. 2. Proportion o f  barley and m alt and the quality o f  beer 
expected.

Wort substitutes: It has been suggested that barley 
worts could be replaced by wort substitutes often called 
“commercial brewer’s concentrate” or “syrups” pro
duced by using microbial enzymes and starchy materials. 
These syrups are intended to provide a complete wort on 
dilution and, therefore, must contain all the components 
present in all-malt wort both in quality and quantity. 
Unmalted cereals like, barley, wheat, maize, rye, rice, 
etc. have been recommended24,41,42 for the production 
of syrups. Associated British Maltsters, and D.Ds- 
Kroyer A/S Copenhagen have jointly developed a 
process for making glucose syrup. Based on this process 
Noerr43 has developed a know-how for the manufacture 
of barley syrup utilising microbial enzymes and malt 
enzymes. The product is claimed to be relatively of 
light colour with pleasant mild flavour and the wort is 
indistinguishable in character from all-malt wort. If a 
plant with a capacity of 10,000 tons a year of barley 
syrup with a dry solids content of 77 per cent at a capital 
investment of $7,83,000 is established then the cost of 
barley syrup per ton is expected to be $132. One ton 
of barley syrup (77 per cent dry solids) is claimed to be

equivalent to 1 ton of wort (77 per cent dry solids) 
derived from 1 ton of malt, the cost of the malt being 
$168 a ton. If the plant is located adjacent to a brewery 

"I utilising the other facilities of a brewery the unit price 
 ̂ per ton is approximately $124.

~ Commercial concentrates could even be powdered 
•S after adding bitter substances. For the manufacture of 
£  beer from concentrates or dried products, the concent- 
^  rate is diluted with water or the dried powder is dissolved 
b  in water to the normal strength of the wort required for 
•§, fermentation. The following advantages are attributed 

to the use of barley syrup in the production of beer:
(0 Production of uniform extract from barley of 

variable quality.
(if) Utilization of low grade feed barley.
(iff) Capital investment per unit of output is less for 

an extract plant than for a malt plant.
(iv) Elimination of mash tuns in the brew house and 

thus reducing the cost of new brew house.
( ) An increase in the output from the existing brewery 

at a minimum cost.
(vf) Elimination of malting losses and the cost associ

ated with it.
(vi7) Flexibility in the operation and use of relatively 

simple equipment.
Technical and commercial aspects of production of 

brewing syrups have been given by Crisp and East44 
and utilization of similar syrups for the production of 
beer are reported15'34,45- 47.

Economic implications: In order to deviate from the 
traditional practice and adopt newer concepts, there 
should be some strong motivation. In the case of malt 
substitutes or brewing with microbial enzymes it is 
mostly economics that is involved. The cost of malt is 
considerably high, almost double, compared to the cost 
of barley. This fact has prompted the brewers and 
technologists to work out new processes.

The total (dry basis) barley extract is reported28 
to be quite close to that of malt produced from it and
1.12 kg of barley is required potentially to replace 1 kg 
of malt and the ratio would lie between 1.1:1 and 1.25:1. 
This is attributed to two factors. One is that the starch 
of barley is less readily attacked by enzymes than that of 
malt. The second factor is that it might be a feed barley 
used for brewing. Keeping barley to malt ratio, at a level 
of 1.2:1 the author has worked out the cost difference 
in processing and has shown an economy of 19 cents 
per barrel of the wort produced from malting quality 
barley. Savings could be increased to 36 cents per barrel 
of wort when cheaper feed barley is used. According to 
Hansen29 a savings of 1.07 Denmark Krones per hecto
litre of wort could be made indicating the usefulness of 
brewing with microbial enzymes.

Entrapped enzymes47 have opened a new vista in the
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field of technology. The importance of this system can 
be well appreciated when starch solution liquefied with 
°< -amylase was recycled through a column containing 

glucamylase entrapped in fibres to achieve 98 per cent 
conversion and further the same fibre was used 4 months 
at 45 °C on maize starch without appreciable fall in 
activity. At present, this has remained a scientific 
curiosity and perhaps in course of time the method may 
be exploited for the continuous production of wort and 
beer. It is not possible at this stage to look into the 
economics or the quality of the product but there is a 
great future for such a process.

Conclusion: Brewing in the traditional way is in 
vogue both in Europe and America since centuries. 
Knowledge of brewing in our country is imported. In 
fact, earlier breweries were set up with foreign collabo
ration and therefore, traditional methods of brewing 
have been adopted in our breweries. However, techno
logical advancement have made it possible for producing 
food enzymes in our country and with the R & D efforts, 
newer approaches should be made to produce beer with 
advantage. Brewing with enzymes is of recent origin. 
There is great scope for exploiting this new process with 
advantage. Barley syrups or syrups from other cheaper 
starchy substances if on dilution yield wort similar to 
all-malt wort in the carbohydrate content, amino acid 
content and other physicochemical characters, then the 
entire brewhouse can be dispensed with and the opera
tion will be restricted to fermentation only. Storage 
facilities of malt can be minimised. Fermentation can 
be done as and when required. Smaller units with 
fermentation facilities can be installed at a lower cost.
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A process for the development o f  a flavour concentrate characteristic o f  a processed cheese by fermentation o f  cream with Candida 
lipolytica  strain C XB has been described. The process consisted o f growing the yeast in whey medium under the conditions which 
stimulated optimum synthesis o f  a cell-bound lipase and an extracellular proteinase, and inoculating it into a cream standardised 
to about 60 per cent fat. There was a good correlation between the increase in free fatty acids (FFA) o f  cream and flavour develop
ment whicn was complete within 45-50 hr There was very little proteolytic activity as measured by increase in acid-soluble tyrosine 
during fermentation. Analyses o f fatty acids in fermented cream by GLC showed a reasonably close similarity to Cheddar cheese 
flavour except for the absence o f acetate and presence o f a number o f  unsaturated fatty acids. The flavour concentrate could be 
used as an additive for the preparation of processed cheese from freshly prepared rennet curd made from standardised or skim milk. 
The process is particularly adaptable for India because o f its low cost o f  manufacture and inherent flexibility in operation since the 
flavour which is prepared independent o f  any cheese process can be used with other dairy or non-dairy products.

In India, taste for cheese is an acquired one limited 
only to sophisticated urban markets and is confined 
primarily to the processed cheese. In western coun
tries, processed cheese is relatively a low cost product 
since it is made from varieties of ripened cheeses avai
lable in the market. In this country, it is made from 
curds ripened to different degrees with starter culture 
and blending them in right proportions with melting 
salts to produce cheese of right texture and flavour. 
Ripening times vary from 2-3 months to one year at con
trolled temperature depending upon the quality of the 
processed cheese entailing relatively large capital 
expenditure. In the process described here, a flavour 
concentrate is prepared by fermentation and added 
to the freshly prepared or unripened curd at the time 
of melting, thus introducing a greater flexibility and 
control over the quality of the processed cheese.

Biochemical changes which occur during ripening 
of cheese are well known and can be broadly associated 
with the products of breakdown of carbohydrates, 
proteins and fat of the milk curd1,2. Though the meta
bolites from the carbohydrate degradation contribute 
to the keeping quality and acidic taste of the curd, 
the cheesy flavour is derived from the products of 
enzymatic splitting of fat and proteins in a controlled 
manner2' 4. It is. therefore, possible to produce cheesy 
flavour concentrates fermentatively by enzymatic break
down of fat and to some extent milk proteins which 
could supplement the inadequacies in the flavour 
in partially ripened or unripened milk curds for the 
preparation of processed cheese. Conventional lactic 
starters used in the production of the processed cheese

are unsuitable because most of these are either weakly 
lipolytic or proteolytic in nature6,7. Enzymes, parti
cularly lipases, have been used to reduce the ripening 
times and improve flavour of cheese8,9. We have been 
interested in investigating unconventional “non-dairy” 
cultures which could be used in the fermentative product
ion of the flavour.

In an earlier paper10, it was shown that a Candida 
lipolytica strain produced both proteinase and lipase 
active against the substrates in the milk. Lipase acti
vity in this strain was associated with the cells whereas 
proteinase was produced extracellularly during growth. 
Relative activities could be controlled by regulating 
their production through the use of suitable inducers. 
In the present paper, we describe our studies on the 
production of cheese-like flavour in buffalo cream (60 
per cent fat) by fermentation using C. lipolytica. The 
profile of the fatty acids produced by lipolysis of the 
milk fat matched very closely to that reported for 
Cheddar cheese. Processed cheese prepared from fresh
ly rennetted curd using the flavour concentrate made 
by fermentation has been found to be satisfactory in a 
commercial process11.
Materials and Methods

Culture conditions: The growth conditions for the 
strain CXB of C. lipolytica var plant a, composition of the 
cheese whey medium, and production and assay of 
enzymes have been previously described10. Briefly it 
involves growing :he culture on cheese whey medium 
containing 0.6 per cent yeast extract with aeration at 
253C for 30 hr. At this time, the proteolytic as well as
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lipolytic activities reached maximum. It was then trans
ferred to the presterilised cream containing 60 per cent 
fat and 4 per cent SNF (Solids-not-fat) to give a five
fold dilution.

Flavour production: Cream fermentations were carried 
out at 30°C in New Brunswick fermentor with constant 
stirring at 150 rpm but without aeration. Progress 
of fermentation was followed by the release of free 
fatty acids (FFA) and trichloracetic acid (TCA) soluble 
tyrosine.

Analytical methods: FFA was measured by titri- 
metric method of Frankel and Tarassak12 for dairy 
products, and expressed as milli-equivalents per lOOg 
of fat in cream. TCA soluble tyrosine was measured 
by treating 1 g cream diluted with 1ml water and treated 
with 3 ml of 5 per cent TCA solution in cold (at 4-6°C). 
After 5 min, the mixture was filtered and the filtrate 
assayed for tyrosine by the method of Lowry et aln . 
Release of TCA-soluble tyrosine was taken as an indi
cation of extent of proteolysis during fermentation. 
Viable cells of yeast were assayed by plating on Sar- 
boraud’s agar plates.

Analysis of flavoured cream: Fatty acids from the 
cream were analysed on GLC by the method described 
by Bills et al14. This method was found to be rapid, 
simple and convenient for the analysis of flavour 
fatty acids. Cream samples were extracted with 50 ml 
hexane and stirred with 50 g resin for 30 min at 4°C. 
Resin was washed twice with chilled methanol and then 
extracted twice with 30 ml of methanol-HCl. Pooled 
eluates were extracted repeatedly with ethyl ether and 
the ether extracts refluxed at 30-35°C continuously 
to concentrate the mixture to about 5-10 ml. The con
centrate was used directly for application to GLC col
umns. GLC analysis was carried out using a 2.74 m 
x0.3 mm O.D. column packed with 30 per cent PEGA 
on celite using a flame ionisation detector. For the 
preparation of the standards, 10 mg each of the 
fatty acids were dissolved in 50 ml hexane and analysed 
in identical manner as described for cream samples. 
All the steps except refluxing for concentration of the 
samples were carried out at low temperatures (about
4-6 °C) to avoid flavour losses. Except acetaldehyde 
where losses mainly during refluxing were about 15-20 
per cent, all other fatty acids could be recovered quan
titatively from the cream.
Results

Growth characteristics: Whey is a natural medium 
for growing C. lipolytica because it is a low-value 
by-product of any cheese process. Whey supplemented 
with yeast extract was a good medium for cultivating 
the yeast. In this strain, lipase is cell-bound whereas 
proteinase is synthesised extracellularly. Relative

Fig 1. Proteinase and lipase activity during growth o f  C. lipo
lytica  in whey medium supplemented with 0.6 per cent 
yeast extract.

activities of the two enzymes could be easily controlled 
by choosing the right conditions during growth or 
physically separating the two enzymes by centrifu
gation and remixing them in correct proportions. 
Since the proteinase synthesis resumed late during 
the growth, the ratio of activities of the two enzymes 
at any moment in culture medium varied between 0 
at 6 hr to 1.5 at 48 hr (Fig 1). In our studies, a 30-hr 
culture was used when the ratio was about 1.0. At this 
stage, the culture was transferred to the cream to give 
a five-fold dilution.

Fig. 2. Biochem ical changes during cream fermentation.
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Fermentation of cream: Flavour development in
cream closely followed the increase in FFA and was 
maximum in about 50 hr (Fig 2). There was no in
crease or decrease in number of viable cells suggesting 
that the flavour changes were primarily associated 
with the lipolytic activity. No flavour was developed 
when skim milk devoid of fat was used as substrate. On 
the other hand, washed cells of the organism, which 
carried lipase activity but were free of detectable pro
teolytic activity, were able to produce cheese-like aroma 
in emulsified milk fat as a substrate. When the same 
cells were used against emulsified vegetable fat such 
as safflower or groundnut oil, no flavour was produced 
though these fats were hydrolysed extensively by the 
lipase from this strain10. Increase in acid soluble tyro
sine was stepwise and only two-fold during 50-hr 
fermentation. This would be expected since the cream 
used in these studeis had only 2 per cent protein. If 
protein content was higher than this level, the cream 
tasted bitter. On the other hand, if only fat was used 
as a substrate, the fermented product appeared to 
lack certain taste components considered necessary for 
final cheese. This is not surprising since a number of 
amino acids and peptides are known to contribute 
significantly to the “basic cheese taste” of a variety of 
cheeses4,16’17. Higher amounts of the same amino acids 
imparted bitter taste and are probably desirable in some 
special cheeses2. A correlation between the degree of 
lipolysis as measured by the FFA content of the cream 
and subjective analysis of the flavour assessed by a panel 
is given in Table 1. All fermentations were carried out 
in New Brunswick fermentor.

Flavour analysis: Lipase of C. lipolytica has a broad 
substrate specificity10 and yet there is a specific require
ment for the milk fat in order to produce a cheese-like 
flavour. Fatty acids of the cream were, therefore, analys-
T a BLE 1. PRO DU C T IO N  OF F LA V O U R ED  C R EA M  B Y  FERM ENTATIO N

Expt. Y east FFA
N o. Time cells./ml pH m eq./100 Remarks

hr g fat
1 0 1 .2 x l0 7 6.1 5.69 Mild cheesy

48 2 X 1 0 7 4.2 19.5
2 0 2 x  1 0 7 5.6 10.4 G ood cheesy

48 8 .4 x  1 0 6 4.2 49.8
3 0 1 .9X 107 6.1 7.24 Strong cheesy

48 2 x  107 4.5 34.7
4 0 2 .8X 107 6.6 6.7 Strong cheesy

48 1 .8X 106 5.1 35.9
5 0 5X 107 6.25 7.87 Strong cheesy

48 3 .5 X 1 0 6 4.50 40.08
Ferm entor conditions: Temp. 30°C, stirring rate, 150 rpm.
Quantity o f  cream: 4 kg; 60 per cent fat in cream.

Fig 3. Gas chromatographic separation o f  methylated fatty 
acids formed in cream during fermentation.

ed to determine if there was any relationship between the 
types of fatty acids present and cheesy flavour. Use of 
anion exchange resins for separating flavour components 
and methylating them at lower temperatures permitted 
the quantitative recoveries of lower fatty acids parti
cularly in the range of C2 to C414. This was confirmed 
in an experiment w here known quantities of lower fatty 
acids were absorbed on to the column, methylated and 
analysed by GLC. Recovery of fatty acids in the range 
of C3-C8 was abcut 95-97 per cent whereas that of 
acetaldehyde was about 80-85 per cent. There were 
apparently some loss of acetaldehyde during refluxing 
at 30°C. Analysis of the fatty acids in the fermented 
cream are given in Fig. 3 and 4. All the major 
peaks could be identified on the basis of their relative 
elution rates by comparison with the corresponding 
standards. There were also some minor peaks which 
were not identified, and their contribution to the overall 
cheese flavour could not be determined. It may be 
mentioned here that a number of carbonyl compounds,

R etention lim e (min)
Fig 4. Gas chromatographic separation o f  methylated fatty  

acids formed during fermentation in cream.
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T a b l e  2. d is t r ib u t io n  o f  f a t t y  a c id s  i n  t h e  f e r m e n t e d  c r e a m

Fatty acids F lavoured1 Cheddar2
carbon cream cheese

number (%) (%)
2 : 0 1.20 32.53*
3 : 0
4 : 0 5.70 6.36
5 : 0 0.46 —

6 :  0 3.90 2.10
8 : 0 3.30 2.23

10 : 0 9.40 3.09
12 : 0 5.50 4.51
14: 0 13.30 12.09
14 : 1 2.30 —

15 : 0 (? ) 0.90 —

16 : 0 23.30 28.29
16: 1 2.70 —

18 : 0 5.90 9.53
18 : 1 20.70 25.83

Unidentified 0.31 ___

1. Per cent o f  total free fatty acids com puted from the average 
o f  two sam ples analysed.

2. Per cent o f  total free fatty acids and com puted as per Bills 
and D a y 15.

* A cetate content is estim ated from  the average o f  the data in 
Table 2 as per Bills and D a y 15.

esters and fatty alcohols have been shown to have
strong impact on flavour even in trace amounts.

Computation of the absolute values of each of the 
fatty acids is difficult because the recorder response is 
not linear with respect to the weight of different esters14. 
However, an approximate idea of the occurrence of each 
of the free fatty acids in relation to the total fatty acids 
may be obtained by comparing the areas of the major 
peaks15. It is interesting that the Cio appears both at
100° and 210°C and that the area corresponding to this 
peak is comparable at the two temperatures. Thus Cjo 
serves as an internal standard against which the relative 
amounts may be compared. In Table 2 average percen
tages of each of the fatty acids expressed as per cent of 
total fatty acids (4.0-18:1) are given along with values 
for Cheddar cheese flavour computed from the published 
data presented by Bills and Day15. With the exception 
of acetate, the lipolysed cream had all the major fatty 
acids reported for Cheddar cheese. Even the relative 
proportions of most of these fatty acids are comparable 
with the exception of C2, Cjo and probably Cis- Further
more, lipolysed cream showed some additional fatty
acids not reported for Cheddar cheese such as C5, Cj4:1’
Ci5 (?) and C16:i. Contribution of these fatty acids to
the total flavour impact of the lipolysed cream has not
been assessed.

Discussion
It has been suggested that a good cheesy flavour 

results from a judicious blend of different fatty acids in 
right proportions4,18. For instance, higher concentra
tions of fatty acids of Cío, C 12 and C14 range would 
result in a cheese with rancid flavour17. On the other 
hand, lower fatty acids i.e. volatile fraction and their 
derivatives impart an “aroma” to the cheese15,19. Role 
of higher fatty acids in the overall flavour profile of the 
cheese is not known but is generally believed to provide 
the background15 * or a “backbone”20 to the cheese 
flavour.

Relative proportion of individual fatty acids in the 
fermented cream compare very well with those reported 
for Cheddar cheese flavour1,15,18. However, there are 
some basic differences. For instance, Cheddar cheese 
flavour contains fairly large amount of acetate not found 
in the fermented cream. Acetate is very important for 
the overall flavour impact in Cheddar cheese and the 
best flavoured cheeses have been shown to contain a 
ratio of FFA to acetic acid between 0.5-1.018 *. In normal 
cheese ripening, acetate may appear through the break
down of fatty acids or as a product of carbohydrate 
metabolism of microoraganisms introduced through 
milk or as a mixed starter18-20. In the present process, 
fatty acids originate directly through lipolytic degrada
tion of milk fat which in itself has extremely low levels 
of acetate21. Another difference between the fermented 
cream and Cheddar cheese flavour is the presence of a 
number of unsaturated fatty acids in cream which are 
probably derived from lipolysis of milk fat21. In the 
ripened cheese many of the unsaturated fatty acids, 
particularly Ci4:i and C16:j may undergo further 
transformation through metabolic activity of the bacte
rial starters and hence, may not appear as such in the 
final product2.

The process therefore produces a flavour considered 
to be cheesy but not associated with any conventional 
cheeses for the obvious reason that a number of other 
flavour/taste compounds originating from lactones, 
amines, amino acids or carbohydrates are missing1-5. 
It is possible to improve the flavour of fermented cream 
to the level comparable with that of Cheddar cheese by 
addition of acetate so as to give the ratio of FFA (C4-C18) 
to acetate equivalent to about 0.5-1.018. We have used 
the fermented cream as a flavour additive in preparation 
of the processed cheese using freshly rennetted curd from 
standardised or skim milk11. In such a process, cream is 
added to replace the fat component of the cheese to a 
level of 5 to 8 per cent depending on the intensity of the 
flavour desired in the final product. A flow sheet for 
the process is given in Fig 5. The cheese prepared by 
this method had an excellent aroma but still lacked the 
structure and the taste of the final cheese prepared by the
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Std milk  
Fat 3%  
SN F  8.5%

II
Pasteurisation

------- »Whey
Medium

I
Fermentor

I

Lactic acid |
Rennet —»Rennetting  
N aC l ] ---------»Whey

I4
Cheese Press

Fermentor-«— 
II

Cream 
Fat 60%  
SN F  4%

Shredding
M illing

I4 4S a lts ------»M elting«-----------------------Flavoured cream
Colour |

4Packing
I4Processed cheese 

Fat 24.5%
SN F  30.0%

Fig 5. Flow-sheet for the preparation o f processed cheese using 
fermented cream.

conventional process. To some extent this was expected 
since in a conventional ripening process, the casein of 
the curd undergoes a number of transformations due 
to the proteolytic action of the microorganisms. This 
problem could be circumvented to a large extent by 
using short ripened cheese curds in the process. The 
flavoured cream can be used in a number of other 
products such as cheese spreads, bakery fats for 
biscuits and cheese powdered where a cheesy flavour is 
desired.
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Effect of Pre-and Post-harvest Treatments to Control Some 
Common Disorders in A n c i b - e - S h a h i  Grapes 

( V i t i s  v i n i f e r c i  Linn)
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Effects o f pre-harvest treatments with 0.2 % Captan; 100 ppm N A A ; 0 .2  % Captan+ 1 0 0  ppm NAA in water and W a x o l; 250 ppm 
each o f  Benlate and Tecto and 250 ppm Benlate-t-100 ppm NAA and post-harvest treatments by fumigation with sulphur dioxide 
in the form o f inpackage fumigant and fumes were studied during storage o f Anab-e-Shahi grapes in the middle and late season 
harvests. These studies revealed that disorders like decay and berry drop were more in the late season than in the middle season  
harvests. The treatments did not show appreciable effect on physiological loss in weight. Treatment with in-package fumigant 
(IPF) proved to be the best in reducing decay, berry drop, and in retention o f freshness o f bunches and fallen berries. Compared 
to 3 days in Control, IP F  extended storage life  o f  grapes to 7 days even in late season harvest and therefore highly beneficial in 
commercial marketing o f  grapes overlong distances for better returns. Fumigation with sulphur dioxide gave the next best result 
giving storage life o f  7  days but only in middle season harvest.

Spoilage of grapes due to decay, berry drop and 
physiological loss in weight (PLW) are known to be 
some common disorders in grapes. These seriously 
affect the quality of grapes in storage and transportation 
and thereby bring down the acceptability of the fruit.
Decay may occur due to incepient infection from fields 
or packaging materials. The dropped berries rapidly 
lose their marketability due to discolouration of the 
steam-end portion, followed by spoilage. Excessive 
PLW leads to shrivelling of berries. Anab-e-Shahi 
grapes too suffer from similar disorders. Andhra 
Pradesh has the largest area (2,874 acres) under this 
variety and these grapes are recognized as one of the 
best table varieties. There is tremendous scope of 
marketing this variety over long distances. But it is not 
possible due to severe disorders. The losses due to these 
disorders were estimated at 20-30 per cent during a 
Survey1 carried out on post-harvest problems of grapes.
Earlier, attempts to control these disorders have been 
partially successful. Narasimham et al.2 have reported 
the effect of growth regulators like PCPA, NAA and 
GA to check berry drop in Bangalore blue grapes.
Trials on storage of table grapes have been reported by 
PayanJ and Jasa et al4. Control of decay in Anab-e- 
Shahi grapes with pre-harvest sprays of Captan and 
sodium orthophenylphenate was reported by 
Narasimham et al.5 and berry drop by Rao et al6.

The present studies were conducted in order to investi

gate the effect of some pre-and post-harvest treatments 
to control storage disorders in Anab-e-Shahi grapes 
under field conditions.
Materials and Methods

Healthy orchards having 4 to 5 years old vines were 
selected around Hyderabad, Andhra Pradesh. Studies 
were conducted on the middle and late season crops of 
1973. The grape orchard was divided into randomised 
block design for different treatments.

Nearly 300 to 400 bunches having almost the same 
maturity were selected and used for various treatments, 
after removal of spoiled and shrivelled berries. Treat
ments with 100 ppm NAA, 0.2 per cent Captan, 250 ppm 
each of Benlate and Tecto, all dissolved in water, and 
with 0.2 per cent Captan+100 ppm NAA dissolved in 
water as well as Waxol-O, were given as pre-harvest 
sprays 3 days before the scheduled harvest day. Grapes 
with pre-harvest treatments and those meant for post
harvest treatments like sulphur dioxide and in-package 
fumigation and control were harvested by clipping the 
bunches and packed in the vineyards in split bamboo 
baskets with paper shreds as packing material, conven
tionally used by the traders. In each basket, 5 kg 
of grapes were packed. For sulphur dioxide fumigation, 
the grapes were exposed to 0.5 per cent sulphur dioxide 
fumes in a closed chamber for half an hour before 
packing into baskets in middle season harvest (MSH)

* Present address: C FT R I, Mysore-13.
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and after packing into baskets in late season harvest 
(LSH). For the purpose of in-package fumigation (IPF) 
potassium metabisulphite in combination with citric 
acid (1 per cent) was packed at the rate of one gram 
per kg of grapes in a cloth bag of 4 x4 cm size and 
placed in the centre of the baskets, mixed with paper 
shreds. During LSH, treatment with 100 ppm NAA, 
Captan+NAA in Waxol were dropped and treatment 
with 250 ppm Benlate +  100 ppm NAA in water was 
introduced in place of treatment with Benlate alone 
as a pre-harvest spray.

Grape baskets were stored at RT varying from 21 to 
37°CatMSHand25-39°CinLSH. RH varied from 40to 
70 per cent in MSH and 30 to 76 per cent in LSH during 
the period of storage. Periodical observations were taken 
on five replicates in each treatment. PLW was determined 
by the difference in weight of filled baskets immediately 
after packing and at periodical intervals. Berry- 
drop, decay and general marketability were assessed 
after opening the baskets. The results are expressed as 
mean of five replicates and statistical significance was 
worked out. The consumer acceptability of grapes of 
treated and control lots was assessed by a panel of judges 
on 5 point hedonic scale: 5-very good, 4-good, 3-satis- 
factory, 2-poor and 1-bad. For analysis, berries were 
collected from the base, middle and tip of four bunches 
from all the four directions, pooled and used for 
analysis.
Results and Discussion

It is well known that as the grape season advances, 
the post-harvest storage life of grapes decreases with the 
result that grapes from the late season are hardly sent 
to outstation destinations as they cannot sustain the 
transit period. In order to see the effect of different treal- 
mentst rials were conducted on Anab-e-Shahi grapes 
of MSH and LSH.

Effect on physiological loss in weight: Physiological 
loss in weight (PLW) of grapes of MSH treated in 
different ways is given in Table 1. The PLW ranged 
between 2.8 and 13.2 percent over a storage period of 13 
days. Grapes treated with Captan+NAA and NAA 
alone in water showed a little reduction and those 
treated with Tecto and Benlate, a slight increase in 
PLW, over the Control samples. Grapes of LSH showed 
almost the same pattern of PLW being nearly 1 per cent 
on each day of storage over a period of 10 days. In
package fumigation showed a PLW of 3.2, 4.9 and 6.8 
per cent on 3, 5 and 7 days of storage, respectively. On 
the whole, the various treatments including those with 
Waxol did not show any significant effect on PLW.

Effect on berry drop: Tables 2 and 3 show the effect 
of various treatments on berry drop (BD) during storage 
of grapes of the two harvests. In MSH, berry drop was

T a b l e  1. p h y s io l o g ic a l  l o s s  i n  w e ig h t  i n  A n a b - e - S h a n i  g r a p e s

OF M ID D LE  SEASON H ARVEST W IT H  VAR IO US TREATM ENTS

Physiological loss in wt (% ) at ndicated
Treatment number of days after harvest

3 5 7 11 13
0.2%  Captan in water 2.9 5.1 6.3 9.8 13.2
100 ppm  N A A  in water 2.9 5.2 6.6 10.1 12.4
0.2%  C aptan+  100 ppm  

N A A  in water 2.7 4.8 6.2 9.5 11.8
0.2%  C aptan+ 1 0 0  ppm  

N A A  in 4% W axol 2.7 4.8 6.1 9.2 11.2
SO 2  fumigation 3.0 5.1 6.6 9.2 11.8
250 ppm Benlate in w’ater 3.1 5.3 6.8 10.9 —
250 ppm T ecto in water 3.2 5.6 6.8 11.0 —
Control 3.0 5.1 6.6 9.6 11.8
S. Em. 0.13 0.13 0.17 0.37 0.67
C .D . at 5 % — 0.39 0.49 1.06 —
C .D . at 1 % — 0.52 — 1.42 —

8-10 per cent upto 11 days but sharply rose to 18.7 per 
cent at 13 days of storage in Control samples. Out of all 
the treatments, sulphur dioxide fumigation gave the best 
results in controlling berry drop, which was only 2.8 to
5.7 per cent over the entire storage period of 13 days 
whereas in Control samples it was 10 per cent e/en after 
3 days storage. The reduction in BD was highly signifi
cant being 74.0, 61.6 and 79.3 per cent over Control lots 
after 3, 5 and 7 days of storage respectively. The next 
best treatment to control berry drop was Captan+NAA 
in water, the effect of NAA having been enhanced when 
mixed with Captan. Here too, the reduction was highly

T a b l e  2. b e r r y  d r o p  i n  Anab-e-Shahi g r a p e s  o f  m id d l e  s e a s o n

HAR VEST W IT H  VAR IO US  TREATM ENTS

Berry drop (% ) at indicated  
Treatment number o f  days after harvest

3 5 7 11 13
0.2%  Captan in water 5.9 7.4 5.6 5.8 7.7
100 ppm N A A  in water 6.1 6.8 6.5 5.5 5.8
0.2%  Captan+ 1 0 0  ppm  

N A A  in water 5.0 3.7 6.9 5.0 7.8
0.2%  C aptan+  100 ppm  

N A A  in 4%  W axol 6.3 5.4 11.0 8.2 12.4
S 0 2 fumigation 2.8 4.1 1.7 5.0 5.7
250 ppm Benlate in water 9.4 6.2 7.9 9.9 —

250 ppm T ecto in water 7.7 5.9 5.9 7.7 —
Control 10.0 10.7 8.2 9.4 18.7
S. Em. 1.14 0.98 1.18 1.33 1.42
C .D . at 5% 3.30 2.83 3.41 — 4.24
C .D . a t 1 % 4.45 3.82 4 .6 0 — 5.78
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T a b l e  3. p e r c e n t a g e  b e r r y  d r o p  i n  Anab-e-Shahi g r a p e s  o f

LATE SEASO N  H AR V EST  W IT H  V A R IO U S  TREATM ENTS

Treatment Num ber o f days a fe r  harvest
3 5 7 8 10

0.2%  Captan in water 12.2 13.0 19.1 12.1 16.1
0.2%  C aptan+  100 ppm  

N A A  in water 6.1 5.5 10.0 7.2 10.4
250 ppm  B enlate+ 1 0 0  

ppm N A A  in water 5.5 6.9 5.8 8.0 8.7
Control 10.6 15.2 17.3 12.3 19.4
SO2  fumigation 8.1 7.7 11.7 21.4 16.1
Inpackage fumigation 6.3 5.2 7.2 —
S. Em. 1.57 1.75 1.75 2.70 2.40
C .D . at 5% 4.63 5.16 5.16 8.09 7.19
C .D . at 1 % — 7.04 7.03 11.15 —

T a b l e  4 . d e c a y  i n  Anab-e-Shahi g r a p e s  o f  m id d l e  s e a s o n

H A R V EST  W IT H  V A R IO U S  TREATM EN TS

D ecay  (%> at indicated
Treatment N um ber o f days after harvest

3 5 7 11 13

0.2 % Captan in water 3.2 3.6 6.5 16.1 28.2
100 ppm  N A A  in water 5.1 8.8 8.0 14.2 22.3
0.2%  C aptan+  100 ppm  

N A A  in water 2.6 5.1 10.4 17.8 27.6
0.2%  C aptan+ 1 0 0  ppm  

N A A  in 4%  W axol 3.1 7.1 14.5 19.9 27.4
S 0 2 fumigation 1.0 3.9 4.5 12.9 21.4
250 ppm Benlate in water 2.7 6.5 7.9 27.6 —
250 ppm T ecto in water 3.0 9.0 8.9 17.0 —
Control 4.1 10.3 9.8 24.0 35.5

S. Em. 0.18 1.29 0.17 3.69 2.61
C .D . a t5 % 0.52 3.74 0.34 — 7.71
C .D . at 1 % 0.70 5.04 0.46 — —

significant as compared to Control over most of the 
storage periods. The effect of Captan +  NAA was 
reduced when it was applied in 4 per cent Waxol solution 
as compared to that in water. After seven days storage, 
the berry drop was mostly due to stem-end rot of 
berries. Sulphur dioxide fumigation was helpful in 
reducing decay and berry drop.

In LSH, berry drop was more being 10.6 to 19.4 per 
cent over a storage period of 10 days as compared to 
8-10 per cent in MSH for nearly the same storage 
period. All the treatments except one with 0.2 per cent 
Captan showed significant decrease in BD over a storage 
period of 7 days in LSH grapes. In the case of IPF 
the reduction was highly significant on 5 and 7 days 
storage, being 65.8 and 59.4 per cent respectively and

T a b l e  5. d e c a y  i n  Anab-e-Shahi g r a p e s  o f  l a t e  s e a s o n

H AR V EST  W IT H  V A R IO U S  TREATM ENTS

D ecay  (% ) at indicated
Treatment number o f  days after harvest

3 5 7 8 10
0.2%  Captan in water 7.2 12.6 20.7 29.3 30.2
0.2%  C aptan+ 1 0 0  ppm  

N A A  in water 4.3 9.7 14.3 14.4 30.5
250 ppm B enlate+  100 

ppm N A A  in water 7.4 10.9 12.5 19.5 24.7
Control 9.4 18.2 33.2 32.3 53.6
SO 2  fumigation 5.7 8.9 21.8 34.7 39.7
Inpackage fumigation 2.5 4.8 9.7 — —
S. Em. 1.37 1.89 2.99 5.00 6.12
C .D . at 5% 3.98 5.57 8.81 13.11 18.35
C .D . at 1 % — 7.6 12.01 — — .

43.4 per cent on 3 days storage. Sulphur dioxide treated 
grapes showed increased BD after 7 days storage, rang
ing from 11.7 to 21.4 per cent.

Effect on decay: Effect of various treatments on the 
incidence of decay in grapes of MSH and LSH are given 
in Tables 4 and 5. Decay was much greater in LSH as 
compared to that of MSH. In Control lot, the decay 
was 4 to 10 per cent over a storage period of 7 days which 
increased to 35.5 per cent over 13 days storage in MSH 
as compared to 9.4 to 33.2 per cent over 7 days and 53.6 
per cent at 10 days of storage in LSH.

In MSH, sulphur dioxide fumigation showed least 
decay, ranging from 1.0 to 4.5 per cent over seven days 
storage, resulting in 73.9, 62.0 and 68.1 per cent reduc
tion on 3, 5 and 7 days respectively which was highly 
significant over Control. The next best treatments were 
with 0.2 per cent Captan, Captan+NAA and Benlate.

In LSH, in-package fumigation gave best results as 
compared to all other treatments and decay was lowest 
being 2.5 to 9.7 per cent, throughout the storage period 
of 7 days for which the samples were examined. The 
reduction in decay in this treatment over the control 
was significant at 3 days and highly significant at 5 and 
7 days storage and was to the extent of 73.4, 73.6 and
70.8 per cent, respectively. Treatments with Captan+ 
NAA followed by Benlate+NAA were the next best in 
reducing spoilage. Sulphur dioxide treatment did not 
give as good results in LSH as in MSH and spoilage 
ranged between 5.7 and 21.8 per cent over 7 days storage 
as compared to 2.5 and 9.7 per cent in the case of IPF. 
Sulphur dioxide fumigation does not appear to be 
effective when grapes are rather over ripe as in LSH.

Effect on general marketability o f grapes: Besides 
spoilage, the overall appearance of grapes has a marked 
effect on the consumer acceptability. Waxol treatment 
did not show any advantage and on the contrary, it gave
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poorer appearance to the berries on account of small 
dark spots at the tip of the berries due to the deposi
tion of Waxol by dripping down. Shrivelling became 
apparant after 11 days of storage with PLW rising to 
20 per cent. The decay was mostly due to black sooty 
and white cottony moulds. The over all appearance of 
the pack was adversely affected when spoilage went 
beyond 7-8 per cent. This condition was reached after 
five days in MSH and three days in LSH. The black 
spores were then spread all over, even on the good berries, 
giving a poor appearance. This happened in all the 
treatments except those in IPF and to a lesser extent in 
sulphur dioxide treatment upto seven days in MSH and 
five days in LSH. Grapes with IPF were practically 
free from this type of spoilage even upto 7 days in 
LSH and hence gave a much cleaner appearance and 
freshness to the grapes. The green colour of rachis and 
pedicles which is taken as criterion for freshness by 
the traders, was also retained much better in IPF than in 
Control or any other treatment except in sulphuri doxide 
fumigated where it was retained only to a limited extent. 
The dropped berries did not show any discolouration in 
IPF treatment and, therefore, their freshness was compa
rable to those on bunches. In all the rest of treat
ments, dropped berries discoloured badly at stem-end 
portion. From the organoleptic point of view, none of 
the treatments showed any distinguishable differences in 
taste and flavour over the Control lots. At the beginning 
of storage, in various treatments the TSS varied from
13.6 to 16.2 per cent, total sugars from 11.66 to 14.61 
per cent and acidity from 0.28 to 0.33 per cent. No 
significant differences were noticed during storage prob
ably because of variations in the composition of berries 
from different bunches.

Conclusion: These studies showed that the overall
quality of the Control grapes was considerably reduced 
after 3 days storage; IPF gave best results to reduce 
incidence of decay and BD, the two major disorders. 
In various replicates the maximum recorded values for 
decay in IPF treatment were 3.3 and 8.1 per cent as 
compared to maximum values of 15.2 and 23.8 per cent 
in the Control over 3 and 5 days storage respectively. In 
yet another set of experiments, carried out in a similar 
way on replicates to see the effect of position of IPF

packet in grape baskets, decay and B.D. were sign ficantly 
less in IPF treatment than Control, the mean values for 
decay being 3.5, 5.6 and 7.1 per cent and B.D. 4.3, 4.5 
and 4.0 per cent as compared to 6.8, 10.9 and 22.6 per 
cent decay and 6.6, 7.2 and 10.9 per cent B.D in the 
Control samples over 3, 5 and 7 days storage, respecti
vely. Placement of IPF packet at base, middle or both 
(keeping the total quantity of IPF same-one -packet), 
had practically the same beneficial effect. Treatment 
with IPFproved equally effective in transportation trials, 
conducted on a small scale, (3 baskets in each, treatment 
and Control,) from Hyderabad to Mysore by rai.

The IPF treatment extended the storage life of grapes 
to 7 days even in LSH crop (sulphur dioxide was effective 
for the same period but only for MSH crop) and thereby 
would permit marketing of grapes over long distances 
throughout the country. Andhra Pradesh sends nearly 
25000 tonnes of Anab-e-Shahi grapes to up-country 
markets. Adopting IPF treatment in commercial pack
ings will greatly reduce losses and retain freshness of 
grapes. The process is convenient to handle. This also 
does not introduce any departure from the conventional 
practice of packing grapes and hence should be most 
useful and acceptable to the trade.
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Eight vegetable and four grain type varieties of soybeans were analysed for proximate composition, minerals (Ca, Mg, K, Zn, Cu, 
Fe and Mn), fatty acids and ascorbic acid (in 72-and 96-hr sprouted samples). The whole and dehulled beans were evaluated for 
their cooking quality. Vegetable type soybeans were found to be good source of protein and oil. Soybean varieties are quite 
rich in Ca, P, Fe and Cu. Vegetable type varieties (‘Coker-240’, ‘2 8 -1 -2 ’ and ‘Coker-stuart’) appeared to be well balanced in 
their fatty acid profile as a whole and unsaturated fatty acid in particular. Vegetable varieties showed superiority over grain type in 
respect of their phytic acid levels. Vitamin C content increased with the increase in the duration of sprouting. Dehulling 
improved the cooking quality, this improvement was more pronounced in coker type varieties. ‘Kali Tur’ an indigenous variety, 
was found promising as it contained appreciable levels of all the components studied.

Though soybean is fairly consumed in many oriental 
countries, numerous attempts to introduce it in indi
genous foods have not succeeded in this country because 
of the unpleasant beany flavour and the difficulty in 
cooking 1,2. However, the vegetable varieties have been 
reported to be superior to grain type varieties in flavour, 
texture, cooking3 and acceptability4; the trypsin inhibi
tor (TI) activity is also considerably less than the grain 
type varieties5.

The improved grain type varieties of soybean have 
high yield potential and are being successfully cultivated 
in certain states of India. However, the inability of rural 
people to consume the beans directly in the form of 
flour or pulse without processing or pre-treatment, is 
the main drawback. It is against this background that 
vegetable soybeans were attempted for consumption.

The complex chemical composition of soybean is 
governed by hereditary and environmental factors. 
Although numerous studies have been conducted for 
determining the chemical composition of soybean, such 
information for vegetable soybeans is limited. Similarly, 
the information in respect of nutritive value and cookabi- 
lity of vegetable soybeans is very much wanting. The 
present study was, therefore, conducted to find the 
proximate principles, fatty acid composition, mineral 
composition with regard to certain trace elements, and 
phytic acid content. In view of the possible use of 
sprouted soybean, like gram, the levels of ascorbic acid 
in sprouted soybeans were also determined. Attempts 
were also made to assess the cookability of different 
soybean varieties.
Materials and Methods

Eight vegetable type varieties namely ‘288 BB 2-4-9-1’

“BB 4-6-3’, ‘Kanrich’, ‘BB 22-4-4’, ‘Coker 240’, 
‘Coker-stuart’, ‘Coker 102’ and ‘No. 28-1-2’; and four 
grain type varieties, namely ‘Bragg’, ‘JS-2’, ‘Pb-1’ and 
Kali Tur’ were selected for the study.

The samples were obtained from 1974-75 field trails 
conducted at JNKVY Jabalpur. The samples were 
analysed for proximate principles, moisture content, 
minerals (P, Ca, K, Zn, Cu, Fe and Mn), phytic acid 
and cooking quality, as described below.

Proximate principles: The moisture, protein and oil 
were determined according to the AOAC procedure6. 
Total polysaccharides were estimated according to 
Hassid and Abraham7. The reducing and non-reducing 
sugars were determined by using Hane’s ferricyanide 
method described by Browne and Zerba8.

Mineral composition: The samples were digested 
with triacid mixture according to David9. Phosphorus 
(P) and potassium (K) were determined by the methods 
described by Jackson10. For the determination of cal
cium (Ca), 20 ml of the above extract was taken in a 
flask and to this, 5 ml of solution containing 3 per cent 
magnesium chloride and 0.75 per cent of potassium 
chloride was added. The readings were taken in atomic 
absorption spectrophotometer-AA 120 (Varian Tech- 
tron, Australia) at wave length of 4226.7a. In order to 
estimate zinc, copper, iron and manganese, the extract 
was taken directly and the readings were taken in the 
atomic absorption spectrophotometer at the wave lengths 
of 2138.6a, 3247.5a, 2483. U  and 2794.8a respectively.

Phytic acid: This was determined according to the 
procedure described by Rosenbaum and Baker11.

Fatty acids: The fatty acid analysis of soybean seed 
oil was done using gas chromatograph GC-4 BPTF 
(Daul column) as adopted by Mehta and Sen12.
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Ascorbic acid: Ascorbic acid content was determined 
at 72 and 96 hr in sprouted soybeans according to the 
method of Roe and Keuther13.

Cooking quality: The method described by Zakardas 
et al. 14 was standardised for this purpose. About 10 g 
of soybeans (whole and dehulled) were taken in a beaker 
and 100 ml of distilled water was added and cooked in 
an autoclave at 15 lb pressure for 90 and 75 min 
under different conditions. The cooked material was 
stirred for a minute and was passed through a 2.0 mm 
sieve. The fraction which remained on the sieve was 
washed with water (100 ml) and two fractions (one that 
passed and the other that did not pass) were dried to 
constant weight at 100°C. The ratio of the weight of the 
fraction which passed through the sieve to the total 
weight of both the fractions expressed as percentage was 
adopted as the index of cookability.
Results and Discussion

Proximate principles: It is evident from Table 1 that 
in the 12 varieties of soybean, the values for moisture, 
protein, oil, total polysaccharides and reducing and 
non-reducing sugars ranged from 7.6 to 9.2, 37.0 to 40.4,
17.7 to 23.0,12.7 to 15.2 and 3.8 to 5.0 per cent respecti
vely; the average being 8.3, 38.6, 20.5, 13.8 and 4.3 per 
cent respectively.

The average value of 8.3 obtained for moisture com
pared well with those reported earlier15.

It may be seen from Table 1 that varieties ‘Coker-240’ 
and ‘JS-2’ are significantly superior with respect to 
protein to the rest of the varieties except for variety 
‘28-1-2’. ‘Coker-stuart’ and ‘Coker-102’ contained
38.8 and 38.6 per cent protein respectively. ‘Kali 
Tur’ however contained 38.1 per cent which is close 
to the average value of 38.6 per cent. Lai et al16 reported 
that ‘Pb-1’ was significantly superior in protein content 
(41.0 per cent) and was superior to all except ‘Leel’ 
(40.2 per cent). However, in the present study, ‘Pb-1’ 
contained 38.5 per cent protein and ‘JS-2’, a grain type 
and ‘Coker-240’, a vegetable type registered higher 
value for protein content as compared to ‘Pb-1’.

This difference could be attributed to the effect of 
environment. Furthermore, Lai et aP6 reported the 
average protein content observed at different locations 
while the present values are restricted to one location.

Barring ’JS-2’, the other grain types have indicated 
lower protein content as compared to vegetable types. 
It is thus evident that vegetable type soybeans, constitute 
equally good source of protein and thus help in alleviat
ing the protein deficiency.

There is no distinction between the grain and vegetable 
type varieties in respect of their oil content. The Coker 
type varieties viz, ‘Coker-102’, ‘Coker 240’ and ‘Coker- 
stuart’ have registered an oil content of 19.8, 20.6 and

21.9 per cent respectively which is moderate as compared 
to the average value of 20.5 per cent. Location has been 
found to be a major factor for affecting the oil 
content17.

The variety ‘JS-2’ which recorded significan :ly higher 
protein content (40.1 per cent) has shown tie  lowest 
value for polysaccharide content (12.7 per cent) in the 
present study. Further, ‘Kali Tur’ which contained 38.1 
per cent of protein, has shown the maximum value for 
polysaccharide (15 2 per cent). The Coker type varieties 
contained significantly lower values than to thi.t of ‘Kali 
Tur’ and higher to that of two grain types (‘Pb-1’ and 
‘JS-2’) and three vegetable type varieties (‘288-BB-2-4-
9-T, ‘28-1-2’ and ‘BB4-6-3’). It is seen that the range 
of 17.6-22.5 per cent is rather low as compared to 
those observed by Deodhar et al4.

The observed range of 3.8-5.0 per cent for reducing 
and non-reducing sugars is on the higher side as compar
ed to those reported (1-4-3.0 per cent) by Deodhar 
et al.4

Besides, the varieties ‘Coker-stuart’ and ‘Coker-102’ 
are also important as they contain appreciable levels of 
protein and oil and relatively moderate levels of polysac
charides. The variety ‘Coker-240’ which contained 
the highest protein (40.4 per cent) and relatively mode
rate oil (20.6 per cent) is also very important in spite of 
its high polysaccharide content (15.2 per cent) as this 
value is also quite low when compared to the value of
20.7 as reported earlier4.

T a b l e  1. p r o x im a t e  c o m p o s it i o n  o f  s o m e  v e g e t a b l e  a n d

G R A IN  TYPE  VA R IET IES  OF SO YBEAN

Poly-
Variety Mois

ture
(%>

Pro
tein
(%)

Oil
(%>

sacch
arides
(%)

Sugars*
(%)

288-BB 2—4-9-1 7.6 38.2 17.7 13.4 4.7
B B -4-6-3 8.0 39.2 22.4 12.4 4.6
Kanrich 8.2 38.1 23.0 14.1 3.5
BB 22-4-4 8.2 37.0 19.5 14.5 3.8
Coker-240 7.6 40.4 20.6 14.7 3.9
Coker-102 8.5 38.5 19.8 14.1 4.8
Coker-stuart 7.8 38.8 21.9 14.6 5.0
28-1-2 8.7 39.5 18.9 13.2 4.2
Bragg 8.7 37.1 21.6 14.3 4.7
JS-2 8.2 40.1 21.3 12.4 4.4
Pb-1 9.2 38.6 20.5 13.1 3.9
Kali Tur 8.8 38.1 18.1 15.2 4.7
Mean 8.3 38.6 20.5 13.8 4.3

S.Em. (V) — 0.23 — 0.17 0.19
C.D. (5%) — 0.71 — 0.49 0.59
C.D. (1 %) — 1.01 — 0.68 0.83

*Reducing +  non-reducing
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T a b l e  2. m in e r a l  c o m p o s it io n  a n d  p h y t ic  a c id  c o n t e n t  o f  s o y a b e a n  v a r ie t ie s

Variety Calcium
(Ca)

Phosphorus
(P)
u/IOOff -

Potassium
(K)

Zinc
(Zn)

Copper
(Cu)

Iron
(Fe)

M anganese
(Mn>

Phytic acid
(%)

------------------ j
288-B B  2 -4 -9 -1 0 40 0 58 1 25 4 24 2 00 7 0 3 16 4 84
BB 4 -6 -3 0 35 0 70 1 30 3 87 2 00 9 0 3 50 4 34
Kanrich 0 35 0 63 1 30 4 25 2 00 8 0 3 33 4 26
BB 2 2 -4 -4 0 38 0 73 1 35 4 12 2 00 1 0 0 3 16 4 32
Coker 240 0 32 0 41 1.15 3.87 1.83 11.0 3.16 3.79
Coker 102 0.38 0.52 1.25 3.87 2.20 8.0 3.33 4.20
Coker-stuart 0.44 0.45 1.02 4.12 1.83 9.0 3.83 4.06
2 8 -1 -2 0.40 0.86 1.50 3.87 2.16 9.0 4.66 4.22
Bragg 0.39 0.57 1.15 4.37 2.00 9.3 2.82 3.87
JS-2 0.43 0.62 1.15 4.12 1.66 6.7 3.00 3.49
Pb-1 0.39 0 50 i 15 4 62 1 33 1 4 0 3 66 3.78
Kali Tur 0.31 0.59 0.90 3.75 1.83 8.0 2.16 3.12

Mean 0.38 0.596 1.20 4.08 1.90 9.08 3.31 4.02
S.Em. (V) — — — — — — — 0.20
C .D . (5% ) — — — — — — — 0.62

Mineral composition: It is evident from the data 
(Table 2) that calcium, phosphorus and potassium are 
principal mineral components and their values (g/lOOg) 
ranged from 0.311 to 0.437, 0.407 to 0.855 and 0.900 to
1.50 respectively. These values obtained are in close 
agreement with those values reported by others18'-'9.

Soybeans-both vegetable and grain types are source of 
Ca and P as the observed values are higher than those 
reported in cereals, millets, pulses and oil seeds15.

The values for Zn, Cu, Fe and Mn varied from 3.75 to 
4.62,1.33 to 2.20, 6.66to 14.00and 2.16 to 4.66, mg/lOOg 
of seeds respectively (Table 3). Copper and iron contents 
are remarkably higher than those reported by Gopalan 
et al.15 for cereals, millets, pulses and oil seeds. The 
observed average value of 9.08 mg/100 g dry seeds for 
iron content closely resembles with the value of 11.5 
mg/lOOg of dry seeds as reported by Aykroyd19.
T a b l e  3. f a t t y  a c id  c o m p o s it io n  (p e r  c e n t )  o f  s o y b e a n  s e e d  o il

Pal Stea Oleic Lino- Li no
Variety mitic ric leic ie ic

16:0 18:0 18:1 18:2 18:3
Coker 240 11.5 5.0 33.5 44.7 5.3
Coker-stuart 13.0 5.6 25.7 49.1 6.6
2 8 -1 -2 10.9 4.8 30.9 48.1 5.3
Bragg 11.8 5.3 24.4 52.4 6.1
JS-2 11.2 5.5 34.8 44.0 4.5
Pb-1 10.7 3.8 37.2 43.7 4.6
Kali Tur 10.5 4.1 23.0 55.1 7.4
Mean 11.3 4.8 29.9 48.1 5.6

It can be concluded that soybean has remarkably 
higher Ca, P, K, Cu and Fe content than many of the 
foodstuffs.

No apparent demarcation could be made between 
vegetable and grain type varieties of soybean as regards 
the contents of these nutrients.

Phytic acid: The phytin present in soybean is the 
calcium-magnesium-potassium salt of phytic acid20. The 
phytates are important because of their effect on protein 
solubility, availability of calcium and cookability21.

It is observed (Table 2) that the phytic acid varied from
3.12 to 4.84 per cent. The mean value being 4.02 percent. 
No significant differences were observed amongst the 
vegetable type varieties in respect of their phytic acid 
content at 1 per cent level of probability. O’Dell and 
Savage22 reported that the phytic acid content in 
soybean is around 0.5 per cent and perhaps is bound 
to trace elements.

Although the varietal differences were significant as 
regards cookability (Table 5), there was no concomitant 
differences in the phytic acid contents (Table 2). This is 
in contrast to the observations made by Rosenbaum 
et al.2i in peas. But later on Rosenbaum and Baker11 
suggested that the higher cookability of the interior 
portion of cotyledons of peas was not associated with 
the higher phytic acid content. Therefore, in soybeans, 
the cookability may be governed by the interaction of 
factors like seed coat, seed size, and the contents of 
phytic acid, calcium, magnesium, pectins, etc.

Fatty acids profile: It is seen from Table 3 that the 
fatty acid composition of soybean oil ranged as follows.

2
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Palmitic acid, 10.5-13.0; stearic acid, 8-3.5.6; oleic 
acid, 23.0-37.2; linoleic acid, 43.7-55.1 and linolenic 
acid, 4.5-7.4 per cent. These values are in agreement 
with those reported by Schuster24 except for linolenic 
acid where the values are low. The low content of 
linolenic acid in Indian soybeans has also been reported 
earlier by several workers4,24,27.

Linoleic acid is the major fatty acid of soybean as 
evident from Table 3. This is in agreement with the 
findings of earlier workers4,24.

In the present study, the ‘Kali Tur’ contained highest 
level of linoleic acid (55.10 per cent) followed by ‘Bragg’ 
(52.4 per cent), ‘Coker-stuart’ (49.1 per cent), ‘28-1-2’ 
(48.1 per cent) ‘Coker-240’ (44.7 per cent), ‘JS-2’ (44.0 
per cent) and ‘Pb-1’ (43.7 per cent).

Greater variation was observed with respect to un
saturated fatty acid contents (11.4, 14.2 and 2.9 per cent 
for linoleic, oleic and linolenic acid respectively) than 
the saturated fatty acid contents (2.5 for palmitic acid 
and 1.8 per cent for stearic acid). This variation may 
be attributed to the soil, season, location and temperature 
changes during seed maturity as observed by others.

The vegetable type varieties (Coker-240’, ‘28-1-2’ 
and ‘Coker-stuart’) appear to be well balanced both in 
their fatty acids and unsaturated fatty acids profiles. 
The two grain type (‘Bragg’ and ‘Ka i Tur’) which 
exhibited relatively higher concentraticns of linoleic 
acid are showing lower levels of oleic acid which is in 
contrast to the other two grain type varieties (‘Pb-1’ 
and ‘JS-2’).

Ascorbic acid content of sprouted soybeans: The 
ascorbic acid content of sprouted soybeans has widely 
varied from 2.35 to 42.48 mg/100 g (Table 4). In ‘Pb-1’,
Table 4. ascorbic acid content of sprouted soybean varieties

72-hr 96-hr
Variety sprouting sprouting

(mg/lOOg) (mg/lOOg)
288 BB 2-4-9-1 4.74 9.18
BB 4-6-3 12.32 14.65
Kanrich 10.54 7.15
BB 22-4-4 3.95 12.29
Coker-240 2.35 3.90
Coker-102 6.34 4.77
Coker-stuart 4.69 4.34
28-1-2 5.70 7.48
Bragg 6.66 7.57
JS-2 5.51 8.25
Pb-1 12.76 10.14
Kali Tur 16.01 42.48

Mean 7.63 11.10
S.Em. (V) 1.10 —

C.D. (5%) 3.06 —

C.D. (1 %) 3.98 —

‘Kanrich’, ‘Coker-102’ and ‘Coker-stuart’ varieties, the 
ascorbic acid content decreased at 96 hr of sprouting as 
compared with the levels at 72 hr of sprouting. However, 
in the remaining varieties the ascorbic acid levels have 
shown marked increase.

The variety ‘Kali Tur’ has shown significantly higher 
content of ascorbic acid at 72 hr of sprouting (16.0 mg/ 
100 g of seeds) than other varieties and this value 
has more than doubled at 96 hr of sprouting. Amongst 
72-hr sprouted beans, the varieties like ‘Pb-1’, 
‘BB-4-6-3’ and ‘Kanrich’ have followed ‘Kali Tur’ in 
ascorbic acid content and the values are significantly 
higher than the remaining varieties. Coker type varieties 
showed quite low ascorbic acid levels as compared to 
other varieties. The ascrobic acid content of vegetable 
type varieties has ranged from 2.35 to 12.32 mg/100 g 
of seeds at 72 hr of sprouting and from 3.90 to 14.65 
mg/100 g of seeds a: 96 hr of sprouting.

Cooking quality: The cookability of whole and 
dehulled beans varied from 25.8 to 46.0 and 34.4 
to 52.0 per cent respectively (Table 5). The cookability 
increased in all the varieties when the seed coat was 
removed; the percentage increase over the whole beans 
being 54 to 71.2 with an average of 41.2.

The whole beans of Coker type varieties (‘Coker- 
stuart’, ‘Coker-102’ and ‘Coker-240’) have shown 
significantly lower cookability than the other vegetable 
types like ‘288 BB 2-4-9-1’, ‘Kanrich’ and ‘BB 4-6-3’ 
at 1 per cent level of probability. But after dehulling, 
the cookability of ‘Coker-stuart’, ‘Coker-102’ and

Table 5. cooking quality of some vegetable and grain type
SO YBEAN S

Cookability
Whole Dehulled (%) increase 

beans (%) beans (%) in cookability
46.1 48.6 5.4
35.9 39.3 9.6
37.1 46.2 24.5
29.6 44.2 49.3
27.8 47.6 71.3
25.8 42.3 63.9
28.6 36.7 28.3
31.3 52.7 68.3
31.3 41.7 33.2
36.3 57.1 57.3
30.4 48.8 60.5
31.3 38.7 23.6
32.5 45.3 41.2

1.3 1.1
3.8 3.3
7.0 6.2

Variety

288 BB 2-4-9-1  
BB 4-6-3  
Kanrich 
BB 22-4-4  
Coker-240 
Coker-102 
Coker stuart 
28-1-2  
Bragg 
JS-2 
Pb-1 
Kali Tur 

Mean 
S.Em. (V) 
C.D. (5%) 
C.D. (1%)
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‘Coker-240’ increased by 28.3, 63.9 and 71.2 per cent 
respectively.

The dehulled beans of two varieties (‘28-1-2’ and 
‘Pb-1’) showed significantly higher percentage of 
cookability (P=0.05) than others and the increase in 
cookability was 68.3 and 60.5 per cent for ‘28-1-2’ and 
‘Pb-1’, respectively as compared to whole beans. There
fore, the vegetable type beans may be cultivated and 
used extensively to overcome protein mal nutrition in 
the country.
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Utilization of Mango Waste: Recovery of Juice from
Waste Pulp and Peel
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Juice was recovered from mango peel and waste fibrous pulp by treatment with pectic enzyme. The recovery was 75-80%  from  
waste pulp and 51%  from peel. The peel and pulp juice had 48 and 51%  total sugars, respectively. This juice, when added to mango 
pulp and used for preparation o f nectar, did not in any way alter its taste or flavour. Optimum rehydration o f  dried peel and pulp 
was worked out for efficient recovery o f  syrup from the dried samples. Good quality wine and vinegar were prepared from juice 
from fresh waste and syrups from dried waste by partial precipitation o f tannins to over come undue astringency. A  concentrated 
syrup having good taste and attractive light yellow colour was obtained from syrups by treatment with gelatin and carbon which 
highly impaoved their colour. Discolouration o f concentrates during storage was checked by addition o f 1000 ppm o f sulphur
dioxde.

The production of mango products has gone up 
steadily from 11,317 tonnes in 1966 to 17,847 tonnes in 
19701. During manufacture of mango products from 
ripe mangoes, large quantities of mango waste come out 
from the canneries, accounting for 40-60 per cent of 
fruit, depending on the variety. Waste comprises mostly 
of peel and stones, which constitutes about 15 and 
18-20 per cent of the fruit, respectively. Besides this, 
is the waste fibrous pulp obtained, particularly, in the 
manufacture of mango juice or nectar. Such fibrous 
waste pulp is estimated to be nearly 8-10 per cent of the 
fruits. Disposal of such large quantities of mango 
waste is a serious problem for the industry. Utilisation 
of this waste will reduce its disposal problem and will 
also bring economy in the production of mango 
products.

Recovery of useful ingredients from cannery waste has 
been reported for many fruits.2-6 Earlier work with 
respect to mango waste has been mostly limited to the 
use of mango kernel for animal feed. Pruthi et al? have 
reviewed the work done with respect to mango waste 
utilization. Pruthi and Susheela8 have also carried out 
studies on utilisation of mango kernel. The present 
paper describes the work carried out to recover ad
ditional quantity of juice for adding back to the main lot 
of mango nectar or for the manufacture of wine and 
vinegar from waste mango peel and fibrous pulp.
Materials and Methods

Mango peel and pulp used in these studies were 
procured from a local fruit processing factory. These 
were the discarded wastes obtained during processing 
of ‘Totapuri’ mangoes for juice and nectar. Waste

* Present address: CFTRI, Mysore-13

consisted of fibrous pulp obtained by passing the coarse 
mango pulp through a finisher fitted with a fine sieve of 
32 mesh size.

For recovery of juice or syrup, pectic enzyme in the 
liquid form supplied by CFTRI, Mysore was used. 
Trial lots were limited to 2-5 kg of raw material. Peel 
was used in the minced form and pulp as such without 
further mincing. Pectic enzyme was added to the raw 
material, mixed thoroughly and allowed at room 
temperature (25-35°C) for different reaction times. For 
the recovery of juice required for fermented products or 
syrup concentrate, an enzyme concentration of 0.3 to 
0.8 per cent was tried with a reaction time of 24 hr 
coupled with addition of 100 ppm sulphur dioxide. In 
the other case when juice recovered from waste was 
required to be put back to main lot of mango juice/ 
nectar, higher concentrations of enzyme, from 0.3 to
3.0 per cent were tried for reaction times varying from 2 
to 12 hr without addition of any sulphur dioxide. After 
the reaction time, the peel and pulp were pressed through 
a cloth to get clear juice.

Drying of waste peel and fibrous pulp was done in sun 
and in a cross flow direr at 70-80°C with a tray load of 4 
kg/m2. Extraction of syrup from dried samples was 
tried by taking 100 g of dried peel and pulp and after 
initial rehydration with varying proportion of water, 
followed by addition of pectic enzyme.

The juice from fresh material and syrup from dried 
materials were concentrated to 72° Brix in a rotary 
vacuum evaporator at 62°C after different treatments. 
Calcium oxide and calcium carbonate were added in 
the form of 10 per cent slurry and pH was raised to 5.5 
to neutralise excess acidity. Gelatin was added in the
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form of 1 per cent solution to overcome undue astring- 
ency. Carbon (Hypine-a product of Hypine Carbon Ltd., 
Nalagarh, H.P.) was added at the rate of 2 per cent and 
the mixture was simmered for 10 min and later kept at 
RT for 1 hr. Control and treated syrups were filtered 
with supercell under vacuum to get clear syrup.

For the preparation of wine and vinegar, 100 ml of 
press out juice from peel and pulp were separately 
inoculated with pure strains of Saccharomyces cerevisiae 
and when this was vigourously fermenting, it was added 
to more quantity of respective juices. The final mixture 
was allowed till fermentation is completely over 
(10 days). Sulphur dioxide (100 ppm) was added to 
check the growth of undesirable micro-organisms. After 
settling of yeast, the wine was ‘racked’, filtered through 
supercell, bottled and pasteurized at 65°C. For the 
preparation of vinegar, the alcoholic ferment was mixed 
with mother vinegar (3:1) and the process of acetification 
allowed to proceed by ‘let alone’ method. This took 
45-60 days at room temperature, varying from 25-35°C 
and humidity 50-80 per cent. Organoleptic quality of 
the products was assessed on a five point scale: 5-very 
good, 4-good, 3-satisfactory, 2-poor and 1-bad. Compo
sition of peel and pulp was determined by AOAC 
method9 and pectin by Carre and Hayne’s method10.
Results and Discussion

Analysis of the waste (Table 1) showed that it had 
nearly 48 per cent total sugars in peels and 51 per cent 
in the waste pulp on dry weight basis (DWB). This 
indicated a great potential for utilization of the waste if 
the sugar could be effectively recovered.

1. Recovery of juice from peel and waste pulp: Clear 
juice was recovered from peel and pulp by treatment 
with pectic enzyme. The quantity of pectic enzyme 
needed for maximum extraction of juice was assessed by 
using different proportions of pectic enzyme. Recovery 
of juice from fresh waste fibrous pulp was 75 per cent 
with 0.3 per cent pectic enzyme and 80 per cent with 0.6 
and 0.8 per cent pectic enzyme. Thus 0.3 per cent pectic 
enzyme was almost sufficient to extract nearly 93 per 
cent of the total extractable juice. Minced peel yielded 
51 per cent juice with 0.8 per cent pectic enzyme. Com
position of this juice with respect to the important con
stituents is given in Table 2. The juice was yellowish in 
colour in the case of peel and faint yellow in the case of 
pulp. The taste of the pulp juice was pleasant and good 
but that of peel was slightly astringent. Astringency was 
found to be due to tannins and hence was overcome by 
treatment of juice with 1 per cent solution of gelatin. 
The differences in the composition of waste and 
juice recovered (Table 2 and 3) is due to batch to batch 
variation in the level of ripeness of fruits handled by the 
factory. For complete recovery of juice with pectic

T a b l e  1. p r o x im a t e  c o m p o s it io n  o f  m a n g o  w a s t e

Particulars Peel W aste pulp
Fresh material

T.S.S. (°Brix) 21.0 12.5
M oisture % 68.5 83.2
PH 3.1 3.2

Dried material
Acidity % 2.56 2.28
Sugars: Total % 48.07 51.30

Reducing % 40.76 23.86
Pectin % 12.85 10.55
Starch % 2.91 5.15
N itrogen % 0.256 0.53
Crude fibre % 8.38 6.03
Tannins % 2.341 negligible
A sh % 2.914 2.43

enzyme upto 0.8 per cent level, the material had to be 
allowed a reaction time of nearly 24 hr in which case 
addition of 100 ppm SO2 became necessary to avoid 
fermentation. But incorporation of sulphur dioxide 
would be objectionable for adding back the extracted 
juice to the main lot of mango nectar/juice, meant for 
canning. In order to see the possibility of extracting the 
juice within a shorter span of time which would avoid 
use of sulphur dioxide, higher doses of pectic enzyme 
with shorter reaction time were tried. These trials show
ed that the process of liquification which facilitates 
pressing out of free flowing juice was completed even 
within a short span of 4 hr when pectic enzyme was 
added at 3 per cent level. This higher concentration of 
pectic enzyme did not make any noticeable change in 
the organoleptic quality of juice obtained. With a 
reaction time of 12 hr, even 1.5 per cent pectic enzyme 
was sufficient, and the juice recovered after 12 hr had a

T a b l e  2. s o m e  im p o r t a n t  c o n s t it u e n t s  o f  j u ic e  r e c o v e r e d

FRO M  FEEL A N D  W ASTE PU LP

Particulars Peel juice W aste pulp juice

T.S.S. % 18.00 15.0
Sugars Reducing % 13.46 11.62

Total % 13.60 11.72
Acidity % 1.17 1.29
pH 3.5 3.1
Colour Yellow ish Faint Y ellow ish
Taste N o t good, 

astringent and 
acidic

G ood, acidic.
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pleasant taste and characteristic mango flavour without 
any off flavour. The juice so recovered from waste 
pulp was added to mango pulp at 10 and 20 per 
cent level and later used for the preparation of mango 
nectar (20 per cent mango solids). This nectar was 
canned in A-l tall cans. The cut-out results carried out 
after 7 days storage did not show any distinguishable 
change in aroma or taste of this nectar as compared to 
nectars from controlled lots. Thus, it is possible to get 
nearly 370 kg of additional mango nectar per ton of 
mangoes processed which will work out quite substan
tial on large scale processing of mangoes. During the 
glut in mango processing season, it may not be possible 
to take up waste for recovery of juice immediately and 
hence, drying of mango waste may become necessary. 
Table 3 gives the progress of drying in sun and dehy
drator. Drying was completed in the dryer within 
a period of 12 hr bringing down the moisture to 3.5 
per cent in peel and 3.8 per cent in pulp. In the case of 
sun drying, pulp was completely dried in three days but 
not the peel. The dried materials were used for recovery 
of syrup. Peel and pulp were rehydrated with different

T a b l e  3. p r o g r e s s  o f  d r y i n g  m a n g o  p e e l  a n d  p u l p  i n  s u n

D R Y IN G  A N D  D E H Y D R A T O R

Drying tim e hr Peel (kg.) Pulp (kg.)
Son drying

0 4.00 4.00
24 2.75 1.75
48 1.55 0.85
72 1.40 0.75
120 1.30 0.75
Drying ratio 3.1:1 5.3:1
Moisture % 4.54 4.20

Dehydration
0 3.00 4.00
3 1.60 1.00
10 0.85 0.75
12 0.80 0.70
Drying ratio 3.7:1 5.7:1
Moisture % 3.51 3.82

proportions of water before mixing with pectic enzyme. 
The results with respect to the recovery of syrup and TSS 
for peel and pulp are given in Table 4. Recovery of syrup 
and TSS was practically negligible with 1:1 rehydration. 
It was 44 per cent in 1:2, and 50 per cent in 1:3 rehy
dration ratio, the last being practically same as drying 
ratio. The syrup recovered from dried pulp and peel 
were brownish in colour as compared to yellowish 
colour in the fresh samples.

2. Preparation of concentrated syrup from peel and 
pulp: The juice recovered from fresh peel and pulp, 
and syrups from dried materials, were concentrated in 
order to get a concentrated syrup either for confectionary 
purposes or as covering syrup for canning mango slices. 
Peel juice and syrup were astringent due to presence of 
tannins and syrup was also brownish in colour. Before 
concentration, these were, therefore, given a number of 
treatments with a view to improve colour, eliminate 
astringency and reduce acidity. The results are indicated 
in Table 5. Calcium oxide and calcium carbonate treat
ments did not have the desired effect in improving 
the quality of syrup. Treatments with gelatin and carbon 
completely eliminated astringency and highly improved 
the colour of the syrup. Requirements of gelatin for 
complete precipitation of tannins was assessed on the 
basis of preliminary trials. Of the various brands of 
activated carbon studied, Hypine carbon gave very good 
results between a pH range of 3-4 and improved the 
colour considerably. After carbon treatment, the pH 
was raised with calcium oxide. During adjustment of 
pH, there was a distinct change in the colour of juice and 
syrup. Colour was very good being light yellow, till a 
pH of 4.5 but slightly deteriorated to dark yellow when 
pH was raised to 5.0, in the case of syrup. This adverse 
change in colour, in the peel juice was of less importance 
and came only a: 5.5 pH instead of 5.0. This difference 
was reflected in little darker colours of corresponding 
concentrates. In view of this, a pH of 4.5 only is recom
mended for syrup meant for concentration. Though 
gelatin and carbon treatments considerably improved 
the colour of peel syrup, concentrate from this was 
still infeiior in colour to the concentrates from peel 
juice. In view of this it is better to use fresh peels.

T a b l e  4. r e c o v e r y  o f  s y r u p  f r o m  d r ie d  s a m p l e s  r e h y d r a t e d  w i t h  d if f e r e n t  p r o p o r t io n s  o f  w a t e r

Particulars Peel
Dried sample (g.) 100 100
Water (g.) 100 200
Pectic enzym e (g.) 3 3
Press out syrup (g.) 4 170
Soluble solids o f  syrup (%) 28 26
TSS recovered (g.) 1.1 44.2

W aste pulp
100 100 100 100 100 100
300 200 300 400 500 600
3 2.4 3.2 4.0 4.8 5.6

266 10 105 220 405 475
19 20.0 19.0 16.0 13.5 11.5

50.5 2 20.0 35.2 54.7 54.6
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T a b l e  5. q u a l i t y  o f  p e e l  j u ic e  a n d  s y r u p s  r e c o r d e d  a f t e r  v a r io u s  t r e a t m e n t s

Treatment Diluted syrup 
colour

Concentrated syrup
Colour Taste

Syrup from dried peels (control) Light brownish
Syrup treated with calcium oxide Light brownish

Syrup treated with calcium carbo
nate.

Syrup treated with carbon 
Syrup treated with gelatin

Light brownish

Light yellow 
Yellowish

Syrup treated with gelatin and Faint yellowish tinge, 
carbon; pH 4.5

Juice from fresh peel, treated with Negligible faint yel- 
gelatin and carbon; pH 5.0 lowish tinge.

Brownish
Brownish

Brownish

Astringent—not good 
Slightly bitter and astringent—not 

good.
Astringent—not good.

Slightly brownish yellow 
Very slightly brownish 

yellow
Yellowish good 

Light yellow—very good.

Astringent—not good.
Not astringent—good.

Not astringent—slightly acidic— 
good.

Not astringent and not acidic— 
very good.

Further trials are necessary to prove whether dried peel 
may give equally good coloured concentrate by treatment 
of peels with potassium meta-bisulphite before drying. 
In the case of waste pulp, both juice and syrup yielded 
an attractive faint yellow and tasty syrup after treatment 
with carbon and adjustment of pH to 5 with calcium 
oxide. Concentrate too had attractive light yellow colour 
and there was practically no difference in the concentrate 
prepared from dried or fresh pulps.

Concentrates prepared from peel and pulp with above 
pre-treatments, fast deteriorated in colour after prepa
ration, turning brown within 2-3 days at RT. Addition 
of ascorbic acid at the rate of 100 mg per cent during 
and after preparation of concentrate did not check 
browning. But addition of SO2 at the rate of 1000 ppm 
only could check discolouration completely, over a 
period of 10 days for which the samples were observed. 
Further studies are necessary to assess the safe storage 
life of these concentrates.

3. Wine and vinegar from peel and pulp syrups: Wines 
were prepared from press-out juice from peel and pulp. 
Fermentation did not proceed well at the normal acidi
ties of pulp (1.17 per cent) and peels (1.29 per cent). 
Acidity, therefore, had to be reduced to 0.55 per cent 
with sodium carbonate to get normal fermentation. In 
the case of peel juice, the fermentation was done with 
pre-treatments like (/) Alteration to remove suspended 
matter and pasteurization at 80°C, (11) pasteurization 
without any Alteration, (///) without pasteurization 
and Altration. Wine prepared with treatment (//) deve
loped a bitter taste and off Aavour. Wine from the other 
two lots had astringent taste which was overcome by 
precipitation of tannins with gelatin initially. Wine 
from pulp did not need any such treatments. Wines 
prepared from peel as well as pulp, had pleasant taste, 
mild mango Aavour, and attractive yellowish colour 
after maturation for two months at RT. Peel and pulp

waste as such, could not be fermented without pectic 
enzyme treatment and press-out. Vinegar prepared by 
“Let-alone” method had pleasant taste and aroma when 
matured over a period of two months. In the case of 
peel syrup, partial precipitation of tannins, as in the case 
of wines, was found necessary to get rid of undue 
astringency. Syrups recovered from dried materials too 
gave satisfactory wine (9 per cent alcohol) and vinegar 
(total acidity, 4.5 per cent and volatil acidity, 3.75 per 
cent).
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Studies on the Use of Dry Earth as a Contact Medium for
Absorbing Moisture from Paddy
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The possibility o f drying paddy by keeping in contact with pre-dried moisture absorbing media was investigated. Fullers 
earth, Bentonite, saw dust, sand, salt, black earth and red earth were tried as contact media. The last two were found to be more 
effective than others. Data on rate o f drying, effect o f varying the ratio o f earth to paddy, suitability o f using the earth repeatedly, 
effect o f temperature o f the contact medium, as also crack formation and milling breakage o f dried paddy were collected. Drying 
paddy continuously from 20 to 12 % moisture in three steps in contact with dry black earth has been successfully carried out. Black  
earth has been found to be superior to red earth in view o f its better sorptive property.

It is now established that paddy has to be harvested 
at moisture levels of about 22-24 per cent and dried 
carefully immediately after threshing for best milling 
results1,2. Both sun drying as well as drying by mechani
cal means using hot air are in vogue and the conditions 
have been standardised2-4. Hot sand and momen
tary passage through hot atmosphere have also been 
used for drying5. The use of sodium chloride not only 
for extracting moisture but also for preserving the moist 
paddy has also been reported6.

Where mechanization of drying is not possible as 
in the village or where sun drying is not possible because 
of rain or inclement weather a simple practicable method 
of drying the paddy is desirable. In view of the high 
susceptibility of the paddy grains to development of 
checks or cracks due to sudden changes in temperature 
or moisture content7,8, paddy cannot be directly given 
heat treatment like roasting or toasting for reducing 
the moisture content. Reduction of moisture in paddy 
by contact with dry earth was considered as a possibility 
and result of investigation to study the potential of dry 
earth and a few other materials as contact media for ab
sorbing moisture from paddy are presented herewith. The 
suitability of different types of earth, effect of contact time 
and temperature, proportion of earth to paddy, efficiency 
of earth in repeated use, etc, have been investigated.
Materials and Methods

Comparative screening o f  different contact media: The 
contact media tested for their suitability to remove 
moisture from paddy were black earth, red earth, 
Fullers’ earth, Bentonite, common salt, sand, saw dust 
and paddy husk ash. In these studies, the contact 
materials were dried by roasting in a pan to a tempera
ture of about 150°C, cooled to room temperature in a

closed vessel and were mixed with freshly harvested 
paddy in the same proportion (1 part of medium to 2 
parts of paddy were used arbitrarily in these studies) 
and put in closed bottles. At the end of one hour contact 
time, the drying medium was sieved out and moisture of 
paddy and the drying medium determined using oven 
method by drying at 105CC for 24 hr with a correction 
factor of 1 per cent9. Because of their fine particle size 
Bentonite and Fullers' earth could not be separated fully 
from the paddy by s eving. Saw dust presented problems 
of fire hazards during roasting. The black and red earths 
did not present the above difficulties and were therefore 
used for further detailed investigations.

Comparison o f  hot and cooled dry earths: Hot dry
earth may effect more moisture removal but would be 
expected to affect adversely the milling quality by induc
ing crack formation in paddy. A comparison was 
therefore made to study the extent of this effect.

The black and red earth samples, dried by roasting to 
150°C, were cooled :o 105°C and also to room tempera
ture and were mixed with paddy in the ratio of 1:2 and 
equilibrated for 24 hr and the paddy moisture was 
determined after sieving. The paddy grains were examin
ed for crack formation using a crack detector developed 
in this Institute10. The partially dried paddy samples 
were further dried in the shade to 14 per cent moisture 
for milling quality analysis.

Milling quality was determined using a McGill sheller 
and broken grains during shelling operation were 
determined11.

Rate o f  moisture equilibration between paddy and  
earth: Paddy samples in two varieties and having
different initial moisture (27, 21 and 18 per cent) were 
mixed with cool dry black earth in the ratio of 2:1 and 
equilibrated in closed bottles and also in open dishes for
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1, 2, 4, 6, 8 and 24 hr. After each interval the paddy 
was sieved from the earth and its moisture content was 
determined.

Moisture removal using different proportions of paddy to 
earth: In all the above comparative studies the pro
portion of earth to paddy had been fixed arbitrarily at 
1:2. In order to arrive at the optimal working ratio, 
equilibration of the earth and paddy was carried out for 
one hour using ratios varying from 0.1 to 2 and moisture 
removal from paddy determined as before.

Redrying of used earth for subsequent drying of paddy: 
To study the above aspect, earth sample used for first 
contacting with paddy was sieved out, dried by roasting, 
cooled and reused for a second drying study. This was 
repeated two more times and moisture removal efficiency 
during each cycle was determined.

Drying of paddy in bulk by multipass mixing of earth: 
Black earth roasted in an electrical roaster or in an iron 
pan over a fire or in an oven was cooled to about 105°C 
and mixed with bulk quantity of paddy (80 kg) in 
1:2 proportion. After a contact period of 2 hr the 
paddy was sieved out and again mixed with dry earth as 
before. This process was repeated once more and the 
moisture content, per cent cracked grains and shelling 
brokens were determined in samples collected after each 
pass.

Sorption capacity of black and red earths: The two 
earths (-44 +60 B.S. mesh) were dried and cooled in a 
desiccator and fractions were spread in petri-dishes in 
unilayer thickness and exposed in a chamber maintained 
at relative humidity of 90 per cent and temperature of 
38°C. Moisture absorption after exposure for different 
periods of time was determined.
Results and Discussion

Suitability o f different drying media: Results on
the relative efficiency of different types of drying media 
tried are presented in Table 1 from which it will be 
seen that black earth, red earth, Fullers’ earth, Bento
nite and saw dust effected high moisture withdrawal 
from the paddy and were superior to salt. Sand and 
paddy husk ash under comparable conditions had a 
very low efficiency of moisture removal. The Fullers’ 
earth and Bentonite which were finely divided (-150
B.S. mesh) had the disadvantage of adhering to the 
paddy surface during sieving while the saw dust presented 
problems of fire hazard during roasting. Further deta
iled studies were therefore restricted to red earth and 
black earth only.

Hot vs cold earth: The hot earth at 105°C, removed 
about 25 per cent more moisture from the paddy than 
the cold earth under comparable conditions without 
materially increasing milling breakage or cracking, 
(Table 2) although in the case of the variety Madhu

T a b l e  1. r e l a t i v e  e f f i c i e n c y  o f  d i f f e r e n t  c o n d u c t io n  m e d i a

FOR R EM O V IN G  M O ISTU RE  FR O M  P A D D Y  IN  1 H O U R

R atio o f M oisture o f Moisture
Contact medium m edium : dried paddy absorbed by

paddy »//o contact 
medium %

Black earth (M ) 1:2 18.1 2.7
R ed earth (M ) 1:2 19.2 1.6
Fullers’ earth (F) 1:2 18.2 2.6
Bentonite (F) 1 :2 18.4 2.4
Sand (C) 1 :2 20.6 0.2
Saw dust (C) 1:2 18.7 2.3
Paddy husk ash (C) 1:2 19.8 0.5
Salt 1 :20 19.7 1.1

1:10 19.3 1.5
1 :5 19.3 1.5
1:2 19.1 1.7

C -C o a r s e  (-25  fraction); F - F i n e  (-1 5 0  fraction); M -  
M edium (-4 4  +  60 fraction). Initial moisture o f  paddy is 20.8 %.

some cracking (3.8 and 7.3 per cent) was induced by 
contact with the hot earths. The extent of moisture 
removal was greater with higher initial moisture content 
of the paddy. The above studies would indicate 
that for drying paddy varieties with fair milling quality 
(IR 20) hot earth can be used without disadvantage 
while for varieties that have poor milling quality (Madhu) 
use of cold earth may be preferred. This aspect has to 
be checked with more paddy varieties.

Rate of drying of paddy in contact with medium: Data 
presented in Fig 1 show that the drying of paddy effe- 
ted by contact with the drying medium for definite

Fig. 1. Rate of moisture removal from paddy mixed with dry
black earth under open and closed conditions.
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T a b l e  2. m o is t u r e  r e m o v a l  f r o m  p a d d y  a f t e r  2 4  h o u r s  c o n t a c t  w t i h  e a r t h

Variety Contact medium Temperature o f  the 
contact medium (°C )

N et moisture removed 
from  paddy ( %)

Cracked grains 
(% )

Brokens in shelling  
C/o)

IR-20 (initial m ois Black earth 105 6.3 0 14.3 (11.8)
ture, 24.2% ) R ed earth 105 3.5 0 11.4

Black earth 30 5.4 0 13.3
R ed earth 30 3.4 0 11.8

M adhu (initial m ois Black earth 105 4.2 7.3 26.3 (24.0)
ture, 19.1 %) R ed earth 105 2.1 3.8 25.7

Black earth 30 3.3 0 25.5
R ed earth 30 1.6 0 25.5

Figures in parenthesis represent breakage in shade dried control paddy.

periods is a falling rate process. Drying rate was fast 
in the first 1-2 hr afterwards it was very slow. 
These data indicate that in development of a practical 
drying method by this technique, contact between 
paddy and the drying medium in any drying pass need 
not exceed two hours (Fig 1). The data also demon- 
trate that there is no appreciable difference between the 
trials in closed containers and open dishes with regard 
to drying efficiency. The slight efficiency observed is in 
favour of open drying. This is all the more interesting 
in view of the fact that these trials were carried out 
intentionally on a cloudy day when the ambient R.H. 
was about 85 per cent.

Effect o f proportion of contact medium: With
regard to the optimal proportion of earth to be mixed 
with the paddy the curve presented in Fig 2 demons
trates that moisture withdrawal was obviously higher, 
the greater the proportion of the earth although the 
curve reaches almost a plateau at ratios higher than 1. 
Earth to paddy ratio varying from 0.5 to 0.75 appears 
to be practical although the economical working ratio

Earth wt. per unit wt o f  paddy

Fig. 2. M oisture rem oval from paddy mixed for 2 hr with 
different proportions o f earth.

should be worked out further on considerations of 
heat economy.

Repeated use of earth: The practicability of using 
the contact medium repeatedly for subsequent drying 
by roasting it after each drying pass is shown in 
Table 3. Even after repeated use in four drying 
cycles the drying efficiency of the earths was 
not adversely affected. These data further stress the 
superiority of black earth over red earth. The moisture 
absorption capacity of the latter is only about 75 per 
cent of that of the black earth when the material is 
-60 mesh and only 60 per cent when the earth is coarser 
(-44+60 B.S. mesh).

Continuous drying of paddy by repeated use of earth: 
Data presented in Table 4 show that bulk drying of 
paddy with dry earth was as efficient as in the labo
ratory drying. Mixing and sieving of earth did not 
present any problem. It is also interesting that although 
the moisture removal was at the rate of about 1.5 per 
cent per hr the milling quality of paddy was not materi
ally affected even by drying to a level of 11 per cent 
moisture. It was found earlier that during sun drying 
moisture removal from paddy at this rate caused higher 
shelling breakage3. These studies have to be confirmed 
on more varieties of paddy.
T a b l e  3. m o is t u r e  a b s o r p t io n  e f f ic ie n c y  o f  e a r t h s  o n  r e 

p e a t e d  u s e

Moisture (%) absorbed after mixing for 1 hr. 
Black earth R ed earth

Fine M edium Fine M edium
I Pass 4.1 4.0 3.4 2.5

II Pass 3.8 4.0 3.0 2.4
III Pass 4.1 4.1 3.2 2.6
IV Pass 4.1 4.3 3.2 2.4

Fine = -6 0  fractior ; Medium -  —4 4 + 6 0  fraction.
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T a b l e  4. c o n t in u o u s  d r y i n g  o f  p a d d y  i n  b u l k  (8 0  k g ) i n

THREE PASSES U S IN G  2  H O U R  C O NTAC T PER IOD  D U R IN G  

EACH  TR EA TM EN T

(Initial moisture content o f  paddy : 21.1 %)

N et moisture Cracked Brokens dur
Treatment rem oved from  

paddy
grains ing shelling

(% ) (%) (%)
I Pass 3.4 2 (2) 4.0 (2.7)

II Pass 2.7 3 3.9
III Pass 3.3 4 3.8
III Pass after 14 hr. 0.2 10 6.9

Figures in  paranthesis represent comparative values for paddy 
dried in shade.

0 2 4 S a to 12 14 IS 18 20 22 24
Exposure time (hr)

Fig. 3. R ate o f moisture absorption by dry black and dry red 
earths exposed to 90%  R. H.

Sorption capacity of black and red earth: The sorp
tion curves for black and red earth are presented in 
Fig. 3. The black earth could absorb nearly double 
the amount of moisture as compared with red earth 
from a humid atmosphere indicating its superiority 
for use as a drying medium. However, in regions where 
black earth may not be readily available, the red soil 
could still be used for drying. Probably higher ratio 
of earth to paddy may be needed.

The present laboratory studies have indicated that 
black or red earth dried by roasting to 150°C can effect 
3-4 per cent moisture reduction when kept in contact 
with freshly harvested paddy for about 2 hr. The 
suggested ratio of earth to paddy is about 0.5 to 0.75 
and the earth could be repeatedly used for further drying 
after roasting. Scale up studies to investigate the eco
nomic utility of the process are contemplated.
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Goat m ilk was studied to evaluate the distribution o f its micellar casein and solble casein by differential ultracentrifugation. It 
was observed that major portion (84.62%) o f micellar casein settled at ll,OOOXg (M C -I), whereas only 10.38 and 5.28% settled  
between 11,000 -46,000 x  g and 46,000-105,000x g (M C -II and M C -III), respectively, unlike cow milk. The values for cow milk  
were 36. 69, 47.69 and 15.61 %, respectively. These data show that goat milk m icelle particles are bigger in size than that o f cow  
milk.
Sialic acid, hexose and hexosamine contents were more in small m icelle particles. The particle s ize appeared to be inversely pro
portional with sialic acid, hexose and hexosamine concentration with o f the m icelles. On the other hand calcium and phosphorus 
contents increased in micelles with increasing micellar size. In case o f the nitrogen content, the reverse was the case. The release  
o f sialic acid was found to be more in micellar casein than the acid casein. M icellar casein o f larger size gave highest sialic acid re
lease on rennet action. Large size micelles exhibited higher opaciry and as well as more turbidity formation on rennet action than 
the medium and small size micellar caseins

Recently, Sabarwal and Ganguli1 reported the sedi
mentation behaviour of buffalo and cow milk micellar 
casein. They indicated that buffalo milk micellar casein 
particles are larger in size than the corresponding cow 
milk whereas the soluble casein was considerably 
less in buffalo milk. However, there appears to be no 
such report available on the distribution pattern of 
micellar and soluble casein in goat milk. This evoked 
our interest to study the distribution pattern and 
physico-chemical properties of micellar casein of goat 
milk. The present paper reports these results. Cow milk 
samples were also analysed for comparison.
Materials and Methods

Milk samples were collected from Beetle goats and 
Tharparkar cows, maintained at the Institiute. Pooled 
milk samples or milk from the indvidual animals were 
collected as per the need of the various experiments.
Fat was removed by skimming the milk with the help 
of Alfa-Laval cream separator.

Preparation and estimation of casein fractions:
The casein fractions of varying sizes were prepared by 
centrifuging milk at different speeds such as 11,000,
46,000 and 105,000 x g for 30 min using a Beckman 
Model L preparative ultracentrifuge according to 
Sabarwal and Ganguli1.

The casein fractions, whey fractions, soluble casein, 
non-casein protein and non-protein components were 
evaluated as follows:

Milk was ultracentrifuged at 11,000xg for 30 min 
and the ultracentrifugal whey (UCW I) was pipetted

out taking care that it did not mix with the casein 
micelle sedimented at the bottom. The micellar casein 
obtained at this speed was referred as MC-1.

The supernatant obtained was again centrifuged at 
46,000xg i.e. 20,000 rpm for 30 min. The UCW II 
was carefully pipetted out as before and the sedimented 
micelle thus obtained was referred as MC-II.

Likewise UCW II was spun at 105,000xg i.e. 30,000 
rpm for 30 min so as to settle the remaining casein 
micelle particles. This fraction was referred as MC-III 
and the supernatant as UCW III.

The proportion of the casein micelles settled at these 
speeds was ascertained by using following calculations.

(a) MC-I=Total protein in milk-protein in UCW I
(b) MC-II =Protein in UCW I-protein in UCW II
(c) MC-III =Protein in UCW Il-protein in UCW III
Estimation of soluble casein: The supernatant obtain

ed from milk after centrifuging at 105,000xg  for 30 
min (i.e. UCW III) was adjusted to pH 4.6 with 10 per 
cent acetic acid. The mixture was kept at 37°C for 
30 min to ensure complete precipitation of soluble 
casein. The soluble casein (SC) content was then 
estimated by difference from the protein contents in 
UCW III before and after the removal of the casein 
precipitate.

Estimation of non-casein protein and non-protein 
contents: The supernatant obtained after removing 
of soluble casein (as indicated above) was further 
treated with equal volume of 16 per cent trichloro- 
aceticacid (TCA) for precipitating non-casein proteins. 
The non-protein constituents were estimated in the
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TCA filtrate and the non-casein protein content was 
evaluated by difference.

Other analytical methods: Protein content was eva
luated in all fractions by the method of Lowry et al2 
using Folin-Ciocalteu reagent. All samples were diluted 
50 times with distilled water before estimation. Goat 
acid casein was used as standard with suitable dilutions.

Sialic acid of casein fractions was estimated by the 
thiobarbituric acid assay method of Warren3 as modified 
by Gupta and Ganguli4. Hexose of micellar casein 
fractions was determined following the method of 
Winzler5 using orcinol sulphuric acid reagent. Hexo- 
samine was estimated according to the procedure of 
Rimington6 with certain modifications7.

The calcium from micellar casein fractions was 
estimated following the method of Davies and White8 
using EDTA. The phosphorus content of different 
particle size micelles was evaluated by the method of 
Fiske and Subba Row9. The nitrogen content of mi
cellar casein fractions was determined by micro-Kjel- 
dahl method of AOAC10.
The rennet action was evaluated by:

(,i) Release of sialic acid: The release of the bound 
sialic acid from micellar and acid caseins by rennet was 
evaluated following the method of Gupta and Ganguli11.

(ii) Opacity measurements: Micellar casein in male-
ate buffer, pH 6.5, was used for opacity measurements 
at 600 nm according to Sabarwal and Ganguli12.

Rennet action on casein micelles was assayed by 
measuring the increase in turbidity using the procedure 
of Sabarwal and Ganguli13.
Results and Discussion

Distribution pattern of micellar casein o f goat milk: 
Perusal of Table 1 would reveal that most of the micellar 
casein of goat milk settled at the lowest speed at 11,000 x 
g. The distribution of MC-I, MC-II and MC-III in 
the total micellar casein was 2.35, 0.28 and 0.14 g/100 
ml milk, respectively. The larger portion of the micellar 
casein (84.6 per cent) settled at lowest speed. Further 
the proportion of micellar casein settled diminished 
with the increase of ultracentrifugation force used.

Fig. 1. Distribution pattern o f  m icellar casein sedimented by 
differential ultracentrifugation.

Micellar casein collected at a speed of 11,000-46,000 x g 
(MC-II) and 46,000-105,000 xg (MC-III) constituted
10.3 and 5.2 per cent of the total micellar casein of 
goat milk.

Unlike goat milk, the quantity of medium size (MC 
II) particles was highest in cow milk followed by large 
and small size micelle. Micellar casein settling at 46,000 
-105,000xg (MC-III) was remarkably high (15.6 per 
cent) as compared to goat milk (5.3 per cent). The 
summarized variation profile is depicted in Fig. 1.

Soluble casein in relation to micellar casein: The 
results obtained on the proportion of soluble casein in 
milk are shown in Table 2 and compared with micellar 
casein (total micelle).

The SC of goat milk has been found to be 0.14g/100 
ml milk (5.0 per cent of total casein) as compared to
2.7 g/100 ml milk (94.9 per cent) of micellar casein giving 
a MC to SC ratio of 18.7. Whereas the corresponding 
values for cow milk are 0.13g/100 ml (5.4 per cent), 
2.38 g/100 ml (94.6 per cent), and 17.51, respectively. 
It is apparent, therefore, that there is not much difference 
in the distribution pattern of soluble and micellar casein 
in these two milk samples.

T a b l e  1. d is t r ib u t io n  o f  m ic e l l a r  c a s e in  s e t t l e d  a t  d if f e r e n t  s p e e d s  o f  u l t r a c e n t r if u g a t io n

M icellar casein fractions (g/100 ml milk)*
M ilk source

G oat

Cow

M C -I M C -II M C -III
Range Average Range Average Range Average

2.14-2 .55 2 .3 5 ± 0 .0 8
(84.62)

0 .19-0 .40 0 .2 8 ^ 0 .4 2
(10.38)

0 .10-0.15 0 .14-0.07
(5.28)

0 .53-0.97 0 .8 7 ± 0 .1 0
(36.69)

0 .93-1.48 1 .1 3 ± 0 .0 9
(47.69)

0 .25-0 .57 0 .3 7 ± 0 .0 6
(15.61)

•N um ber o f  sam ples analysed in each case was five. Figures in parantheses indicate results in percentage.
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T a b l e  2. p r o p o r t io n  o f  s o l u b l e  a n d  m ic e l l a r  c a s e in  i n  g o a t

A N D  C O W  M IL K  

Casein (g/100 ml m ilk)*
M ilk Soluble casein (SC) M icellar casein (M C) M C/SC  
source Range Average Range Average ratio
G oat 0 .13-0 .16  0 .1 4 + 0 .0 7  2 .56-2.97 2 .7 8 + 0 .1 0  18.7

(5.01) (94.98)
Cow 0.05-0.21 0 .1 3 + 0 .1 2  2 .08-2 .46 2.38 +  0.18 17.5

(5.40) (94.59)
♦ Number o f samples analysed in each case was five. Figures in 

parantheses indicate results in percentage.

Distribution o f  proteins in goat and cow m ilk: Results
on the different protein fractions given in Table 3 indicate 
that the total protein in goat was 3.65 g/100 ml which 
consists of 80.3 per cent casein (76.2 per cent micellar 
and 4.0 per cent soluble casein). The non-casein protein 
content and non-protein components were assessed to be
18.4 and 1.4 per cent, respectively. The corresponding 
data for cow milk were evaluated to be 3.34 g/100 ml out 
of which 75.3 per cent was casein (71.3 per cent micellar 
and 4.0 per cent soluble casein), 24.7 per cent non
casein protein and 2.3 per cent non-protein components. 
Goat milk, therefore, contains higher proportion of 
total casein, micellar casein as compared to cow milk. 
Whereas, whey proteins and non-protein components 
are low in goat milk. Our results on the distribution of 
proteins into casein, whey proteins and non-protein

components (Table 3) in goat and cow milk agree fairly 
well with the reported values on these species1,7.

Chemical make-up o f  micellar casein fra c tio n s : The 
micellar casein fractions collected by differential ultra
centrifugation were analysed for its sialic acid, hexose, 
hexosamine, calcium, phosphorus and nitrogen contents. 
The opacity of the micelles and susceptibility towards 
rennet were also ascertained. The results of such analyses 
are being delineated below.

(a) Dependence o f  carbohydrate contents on the 
particle size o f  micellar casein: The sialic acid, hexose 
and hexosamine contents were estimated from the 
micellar casein fractions obtained by differential ultra- 
centifugation and results are borne out in Table 4.

It is clear that the smaller size particles are richer 
in its sialic acid content. The micellar casein fraction 
collected at the highest speed of ultracentrifugation 
(small size particles) contains higher amount of sialic 
acid and reverse is the case with large size particles 
collected at lowest speed. Such findings can be explained 
in the light of the observations recorded by Annibaldi14 
and Yoshida et a l15. The sialic acid moiety being att
ached to the Zr-casein16, it can be visualized that small 
micellar casein particles are, therefore, richer in k- 
casein. The sialic acid distribution in different micellar 
casein fractions i.e. large, medium and small was obser
ved to be 13.0, 17.7 and 69.2 per cent, respectively.

The hexose contents of different micellar casein 
fractions (Table 4) show that small micelle

T a b l e  3. d is t r ib u t io n  o f  t o t a l  p r o t e in  a n d  n o n -p r o t e in  c o m p o n e n t s  o f  m i l k *

M ilk source T otal protein M icellar casein* Soluble casein* T otal casein
N on-casein protein 
(whey protein) N PC  (g/100 ml)

Range Average Range Average R ange Average Range Average Range Average Range Average

G oat 3 .36- 3 .6 5 + 2 .5 6 - 2.78 ±
(g/100 m l o f milk) 

0 .1 3 -  0.15 +  2 .7 2 - 2 .9 3 + 0 .4 0 - 0 .6 7 + 0 .0 1 - 0 .0 5 +
3.69 0.16 2.98 0.11 0.16 0.07 3.13 0.11 0.89 0.11 0.07 0.001

Cow 2 .9 8 - 3 .3 4 + 0 .0 9 -
(76.23) 
2.38 +

(4.03) 
0 .0 6 - 0 .1 4 + 2 .4 2 -

80.25;
2 .5 2 + 0 .5 3 -

(18.35)
0 .8 2 + 0 .0 6 -

(1.39)
0 .0 8 +

3.55 0.09 2.46 0.09 0.21 0.12 2.73 0.06 0.98 0.13 0.14 0.09
(71 .2 ,) (4.06) (75.34) (24.65) (2.33)

♦ Number o f  samples analysed in each case was five. Figures in the parantheses indicate per cent.

T a b l e  4. s ia l ic  a c i d , h e x o s e  a n d  h e x o s a m in e  c o n t e n t  o f  m ic e l l a r  c a s e in  f r a c t io n s  o b t a in e d  b y  d if f e r e n t ia l  u l t r a c e n t r if u 

g a t io n

Ultracentrifugation speed Sialic acid (mg/g) H exose (mg/g) H exosam ine* (m g/g)
X g Range % o f  total Range % o f  total Range % o f  total

0-11,000 0.41-0 .57
(0 .4 6 + 0 .0 1 )

13.08 24.97-29.73
(27 .8 0 + 0 .1 9 )

22.18 5.00-6.00
(5 .6 9 + 0 .2 7 )

27.26

11,000-46,000 0.59-0 .67
(0 .6 3 + 0 .0 1 )

17.65 37.68^14.27
(3 9 .5 5 + 0 .4 5 )

31.55 d.75-7.00
(6 .8 7 + 0 .0 1 )

32.91

46,000-105,000 2 .36-2 .70
(2 .4 8 + 0 .0 1 )

69.26 47.44-66.96
(5 7 .9 9 + 8 .9 2 )

46.26 7.75-9 .25
(8 .3 1 + 0 .3 5 )

39.81

♦ Number o f  sam ples analysed in each case was five.
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T a b l e  5. c a l c iu m , p h o s p h o r u s  a n d  n it r o g e n  c o n t e n t  o f  m ic e l l a r  c a s e in  f r a c t io n s *

Ultracentrifugation speed Calcium Phosphorus Nitrogen Protein (N x 6 .3 8 )
x g ° //o ° //o /o %

0.0-11,000 3 .07-3 .14 1.18-1.63 11.63-12.85 74.11-81.98
(3 .1 0 ± 0 .0 1 ) (1.45 ± 0 .2 0 ) ( 1 2 .1 2 i0 .5 7 ) (7 7 .3 7 ± 1 .8 0 )

11,000-46,000 2.75-2.93 1.02-1.10 12.21-12.87 77.89-82.11(2 .8 6 ± 0 .0 1 ) (1 .0 6 ^ 0 .0 3 ) (1 2 .1 6 i0 .2 8 ) ( 8 0 .4 9 i0 .9 7 )
46,000-105,000 2.27-2.86 0.71-1 .03 12.38-12.92 78.98-82.42

(2 .5 6 ± 0 .0 4 ) (0 .8 5 ^ 0 .1 4 ) (1 2 .6 4 i0 .2 2 ) ( 8 0 .6 5 i0 .6 8 )
»Num ber o f samples analysed in each case was five.
D ata in parentheses are a v e r a g e r s .E .

particles are rich in hexose content also. Particles 
collected at highest speed gave the highest value of 
57.99 mg/g and the micelle obtained at lowest speed 
have the lowest content of 27.80 mg/g hexose. The 
hexose distribution in different micellar casein fractions 
was noted to be 22.2, 31.6,46.3 per cent respectively. The 
micellar casein fractions collected at different speed of 
ultracentrifugation showed higher hexose values than 
the whole micellar casein7 (Table 4).

A similar situation was noted with the hexosamine 
content of micellar casein fractions. The small micelle 
particles contain maximum amount (8.31 mg/g) and 
large particles had lowest content of hexosamine.

(b) Dependence of calcium, phosphorus and nitrogen 
contents on the particle size o f micellar casein: The
results on the calcium, phosphorus and nitrogen con
tents of the different particle size of micellar caseins 
have been shown in Table 5.

The calcium content showed an increase with increasing 
micellar size, i.e. large micellar had higher calcium 
content than the medium and small ones. These values 
in goat micellar casein fractions were 3.1, 2.9 and 2.5 
per cent respectively. The rate of decrease from large to 
medium and large to small micelle was 7.6 and 17.3 
per cent, respectively. Like calcium, micellar casein 
of largest size was having maximum phosphorus content 
(1.45i0.20 per cent), which gradually decreased with the 
decrease in the micellar size.

Hence, the phosphorus content is directly proportion
al to the size of casein micelle particles. The decrease 
of phosphorus content from large to medium and large 
to small particles size was in the order of 26.55 and 
41.18 per cent, respectively. The presence of high 
calcium and phosphorus content with the bigger 
micellar casein particle size (Table 5) suggests that in 
addition to other factors, variation in the micelle size 
may be due to variations in calcium and phosphorus 
content.

The nitrogen level on the contrary increased with 
decreasing micelle-particle size. The casein micelle 
collected at 11,000 xg showed lowest nitrogen level

(l2.12i0.28 per cent) as compared to micelle fractions 
collected at higher speeds of ultracentrifugation. The 
nitrogen content increased by 4.3 per cent from large to 
small micelle and the increase from large to medium 
sized particles being 0.331 per cent.

Rennin susceptibility of casein micelles
{a) Release of sialic acid from micellar and acid 

caseins of goat milk by rennet: Results in Table 6 show 
that the release of bound sialic acid was more in case 
of micellar casein than the corresponding acid casein 
prepared from the same milk, these values being 69.4 
and 57.5 per cent, respectively. The higher release of 
sialic acid by rennet from micellar casein than the acid 
casein prepared from the goat milk gives an impression 
that casein in its native state seems to be more susceptible 
to rennet action (Table 6). Nain et al11 also reported 
similar results on the sialic acid release by rennet on 
goat acid casein. Caseins prepared from goat milk 
showed lesser rate of sialic acid release than the corres
ponding caseins prepared from cow and buffalo 
milk18.

These data (Table 6) further elicit that although the 
larger micellar casein particles are poor in sialic acid 
(Table 4) maximum release of the sugar moiety was

T a b l e  6. s ia l ic  a c id  r e l e a s e  f r o m  a c i d , m ic e l l a r , k -c a s e in

A N D  M IC E LLA R  CASEIN  FRACTIONS B Y  REN N ET

Type o f casein

A cid casein  
M icellar casein  
k-casein
M icellar casein I

( l l ,0 0 0 x g )
M icellar casein II 

(11,000-46,OOOxg) M edium  
M icellar casein III 

(46,000-105,OOOxg) Small
»Num ber o f  sam ples analysed

Sialic acid release (% )*
Range Average

51 .60-64 .2 57.5
58.6-84.9 69.4
63.8-79.5 72.3
75 .9-94 .9 8 /.2

66.3-82.0 74.8

46.6-60.1 54.2

in each case was five.
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T a b l e  7. o p a c i t y  o f  m i c e l l a r  c a s e in  f r a c t i o n s  o f  g o a t  m i l k  

IN  M ALEATE  BUFFER, PH  6.5

Casein
Type o f m icelles concn

(%)
Opacity at 600 m p  
Range Average

W hole m icellar casein 1.00 0.12-0.28 0.18
0-11 ,000  X g 1.00 0.22-0.33 0.26
11,000-46,000 X g 1.00 0 .11-0 .17 0.13
46,000-105,0 0 0 x g 1.00 0.06-0.09 0.07

‘ Num ber o f samples analysed in each case was five.

observed by rennet in this fraction. Sabarwal and 
Ganguli18 reported similar observations on micellar 
casein fractions prepared from cow and buffalo milk.

(b) Opacity o f micellar casein and its fractions: 
The opacity of micellar casein was determined using 
maleate buffer, pH 6.5, as described in the experimental 
methods. Table 7 indicates that the large micelles gave 
higher opacity than the medium size and small size 
micelles, and, therefore, directly proportional to micelle 
size. Opacity of whole micellar casein was also higher 
than micellar casein fractions collected at higher speed 
of ultracentrifugation. Positive correlation between 
calcium content (Table 5) and opacity (Table 7) of the 
different micellar casein fractions stress upon the fun
ction of calcium in determining the opacity of micellar 
casein.

(c) Turbidity profiles in micellar caseins on rennet 
action. Susceptibility of goat milk casein micelles

»— * WHOLt M C. o—o 1QQOO rpm

Fig. 2. The rate o f turbidity development by rennet in whole 
micellar casein and casein micelle fractions o f different 
particle sizes from goat milk at 1.0% substrate (casein) 
concentration using maleate buffer pH 6.5 at 37°C.

to rennet was also assessed by turbidity development 
procedure. It was observed (Fig. 2) that the rate of 
turbidity development decreased with the particle size 
and hence directly proportional to the particle size of 
the micellar casein.

The higher rate of turbidity production might be 
due to more calcium present in the bigger size micelle 
particles compared to smaller micelles (Table 5). The 
higher rate of turbidity production (Fig. 2) with goat 
micellar casein supports the earlier finding19 that this 
milk clots more rapidly than cow milk.

There appears to be a positive correlation between 
sialic acid release (Table 6) and turbidity development 
(Fig. 2). It is suggested that turbidimetric studies can 
be further utilized to understand the mechanism of 
rennet action on micellar casein. The present obser
vations clearly demonstrate that action of rennet on 
goat casein micelles is very much dependent on the 
particle size of micellar casein.
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Twenty varieties o f tomatoes grown under Nagpur conditions were examined for their physico-chemical characteristics and suit
ability for canning as whole tomatoes. Tomatoes o f  all the varieties were flat to round in shape except Sanmarzano, R ed  Top and 
Ruth which were pear shaped, oblong and oval respectively. Except Vokal variety in which the colour was purple/crimson, other 
varieties were red to deep red. The colour, after peeling was more intense in Tukon and Tuck Queen and deteriorated in Pros
perity and Best o f  A ll varieties. Under identical canning conditions, R ed Top variety was found to be the best for canning. The 
canned product had uniform red colour and did not show any disintegration either with or without calcium firming. Disintegration  
was a ls j  less in the variety Prosperity  but it did not have the desirable attractive colour. N ext in the order, with respect to canning, 
were Ruth, E arly Chathem, and Sanmarzano varieties. They had good colour and the extent o f  disintegration was within per
missible limits o f 10 %. Chemical constituents did not show any marked eifect on canning behaviour o f varieties. Elongated and 
pear shaped tomato varieties were found better suited for canning.

In India the production of tomato products has 
steadily increased from 350 tonnes in 1956 to 2158 
tonnes in 1970*. Peeled whole tomatoes canned in 
tomato juice is an important item manufactured comm
ercially mainly for supply to the Army. The disinte
gration of tomatoes in the cans is a serious problem 
which adversely affects the quality of the finished 
product. On account of this, some times large quantities 
of canned tomatoes are rejected by the Army which 
puts the industry to huge losses. Besides other factors, 
the incidence of disintegration and overall quality of 
the canned whole tomatoes depends on the variety used 
for canning.

For purposes of canning, tomatoes should have a 
uniform red colour, moderate size, smooth surface, 
and large proportion of solid meat of good flavour; 
soft and watery varieties and those having large seed 
cavities soften badly on canning. In America, the 
varieties Stone, Pearson, Moran, Sanmarzano, Paragon, 
etc., are generally preferred2. A number of workers 
have investigated different varieties with regard to 
their suitablity for processing3"13. Beerh and Bhatnagar3 
studied the canning behaviour of seven varieties 
of tomatoes and found Red Top as the best cann
ing variety. In evaluating seven varieties for 
canning, Roy et aU4 reported Chiku Grando as 
best canning variety followed by Roma and Red 
Pear. The present paper describes the physio- 
chenical characteristics and canning behaviour of

•C .F .T .R .I., M ysore, India.
♦ ♦ Government Community Canning Centre, Poona.

20 varieties of tomatoes grown under Nagpur 
conditions.
Materials and Methods

Twenty varieties of tomatoes (Table 1) were selected 
for canning trials. Fully mature and ripe red tomatoes 
were obtained from the experimental plots grown in 
Nagpur under the ICAR scheme.

Physical characteristics were determined on twenty 
fruits selected at random from main lot. The shape and 
colour were noted by visual observations. Number of 
loculi were found out by cutting the fruits into transverse 
sections. Core and peel percentages were determined 
from the wastage during canning. For estimation of 
chemical composition, 10 ripe fruits were mascerated 
in a blender for 1 min and strained through 32 mesh 
sieve. Brix was determined by a hand refractometer and 
corrected to 20°C by using standard tables. Acidity, 
water-insoluble solids and calcium were determined by 
AO AC methods15; ascorbic acid by direct titration with
2-6 dichlorophenol indophenol; sugars by Lane and 
Eynon method, and pectin by Caree and Haynes method.

For the purpose of canning, fully developed ripe red 
tomatoes having firm texture were selected, washed 
thoroughly, cored, scalded for thirty seconds at 95 °C, 
and peeled. Peeled whole tomatoes (530 g) were filled 
into 401 x411 plain cans and covered with hot tomato 
juice containing 3 per cent sugar and 1.5 per cent salt. 
In the case of treated lots, 0.1 per cent calcium chloride

151
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T a b l e  1. FHYSICAL CHARACTERISTICS OF TOMATOES OF DIFFERENT VARIETIES

Variety
Length (cm) Max. Min. Av. Diameter (cm) Max. Min. Av. Fruit wt (g.) Max. Min. Av.

Peel wt. after scald- Core
V/o Colour on full maturity

Pusa Ruby 5.4 3.8 4.6 6.9 4.8 5.8 152 38 80.2
ing %  

4.0 0.95 Deep red, uniform.
Vokal 5.3 3.7 4.7 7.8 4.6 5.8 122 40 85.3 9.3 0.55 Crimson/purple, uniform.
Tip Top 5.7 3.4 4.7 6.9 3.5 5.1 124 24 66.8 3.3 0.44 Deep red, almost uniform.
Prosperity 5.6 4.1 4.6 6.2 5.5 5.9 95 40 65.8 4.9 0.43 Red, not uniform.
Money Maker 5.7 3.8 4.6 6.6 3.5 4.9 123 28 64.4 3.2 0.40 Red, yellow around core.
Market King 5.8 3.6 4.7 6.3 4.0 5.4 107 37 72.1 4.7 0.49 Red, yellow around core.
Ruth 5.2 3.9 4.4 5.3 3.8 4.3 85 30 52.7 5.0 0.15 Red, uniform.
Tukon 6.1 3.0 4.7 8.5 4.9 6.8 115 22 67.0 3.4 0.75 Deep red, greenish around
Early Chathem 6.0 4.1 5.0 6.0 4.0 4.9 100 28 66.0 3.8 0.63 core.Deep red, uniform.
Best of All 6.0 3.3 4.6 7.0 4.0 5.2 128 30 72.8 3.4 0.43 Red, uniform.
Sanmarzano 7.6 4.5 6.5 4.4 2.5 3.5 80 17 45.4 7.3 0.15 Deep red, uniform.
Red Top 8.5 4.9 7.6 6.1 3.0 5.0 102 22 69.8 4.6 0.25 Deep red, uniform.
Ailsa Crag 5.1 3.8 4.2 5.1 4.0 4.6 79 38 52.3 6.4 0.72 Red, not uniform.
E.C. 14166 6.5 3.7 4.7 8.4 4.6 6.4 190 67 112.6 4.4 0.47 Red, uniform.
Tuck Queen 6.5 3.4 4.9 7.6 4.1 5.8 177 40 105.4 4.4 0.75 Red, uniform.
Poona 341 4.3 3.1 3.6 4.7 3.0 3.8 48 22 29.6 3.0 0.43 Deep red, perfectly uniform.
Meerti 4.9 3.2 4.3 6.8 4.0 6.0 114 25 67.9 3.1 0.51 Deep red, greenish around
Turi Alba 5.0 3.9 4.4 7.0 4.7 5.5 117 52 74.4 3.7 0.81 core.Deep red, perfectly uniform.
Type-9 4.7 3.0 3.9 7.3 3.5 5.1 105 25 65.0 4.7 0.71 Deep red, perfectly uniform.
K-0119 5.4 2.9 4.1 6.0 3.0 4.2 115 42 53.0 5.1 0.66 Red, uniform.

Variety
T a b l e  2. 
Acidity

CHEMICAL CHARAC CERISTICS CF TOMATOES OF DIFFERENT VARIETIES

°Brix at Water insol. Sugars % Ascorbic acid Calcium Pectin% 20°C solids % Reducing Total mg/100 g mg/100 g mg/100 g

Pusa Ruby 0.58 4.45 1.15 2.23 3.46 18.54 20.4 109.6
Vokal 0.44 5.02 0.65 2.96 4.58 25.28 24.3 190.0
Tip Top 0.40 3.50 0.86 2.25 2.46 23.34 14.8 132.1
Prosperity 0.46 3.42 0.80 2.10 2.84 21.02 24.1 78.5
Money Maker 0.35 4.50 0.91 — — 13.87 27.3 188.1
Market King 0.40 3.92 0.96 1.94 2.02 14.89 19.3 122.0
Ruth 0.37 5.25 1.13 2.05 3.66 18.54 22.4 78.7
Tukon 0.37 4.20 1.15 2.22 3.36 18.98 19.3 121.5
Early Chathem 0.48 3.20 0.74 1.34 2.38 11.38 19.3 77.3
Best of All 0.35 4.50 1.77 1.77 3.83 12.19 23.7 112.9
Sanmarzano 0.33 5.20 0.79 2.63 3.94 20.04 23.3 80.0
Red Top 0.35 4.00 1.03 1.89 3.57 15.43 22.6 144.7
Ailsa Crag 0.44 3.87 0.25 1.71 1.94 15.33 — 98.0
E.C. 14166 0.37 4.47 0.89 2.67 3.72 16.71 — 155.0
Tuck Queen 0.53 4.27 0.49 3.00 3.02 25.00 15.5 120.0
Poona 341 0.53 4.45 0.56 2.55 2.67 21.60 24.0 68.7
Meerti 0.69 4.13 0.36 2.04 3.10 21.30 16.7 124.7
Turi Alba 0.48 3.37 0.57 1.80 2.89 14.91 20.8 84.7
Type-9 0.64 4.45 0.17 2.27 3.40 17.37 18.3 124.6
K-1019 0.41 4.47 0.54 1.82 3.11 19.46 15.2 49.9
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Table 3. cut-out analysis of canned tomatoes of different varieties

Variety Treatment* Vacuum Head Drained Total Broken Breakage Taste and Tomato(cm.) space wt. (%) tomatoes tomatoes (%) aroma Tomato colour texture(mm.) no. no.
Pusa Ruby 1 24.0 4.0 55.9 9.3 5.0 52.0 4 Deep red, V. soft

2 25.6 4.3 60.0 9.0 2.6 29.1 4 Deep red, Soft
Vokal 1 21.5 5.5 57.6 9.0 6.0 64.3 5 Purple red V. soft

2 22.5 7.0 61.9 6.5 2.0 29.8 5 Deep purple redV. soft
Tip Tot 1 28.3 4.6 56.2 10.3 4.0 39.0 5 Deep red Soft

2 28.3 4.0 58.8 8.3 1.0 12.6 5 Deep red SI. firm
Prosperity 1 28.3 5.3 58.0 9.0 1.3 15.3 3 Yellowish red Soft

2 25.0 5.6 61.3 8.3 nil 0.0 3 Yellowish red Firm
Money Maker 1 30.0 4.0 53.8 9.6 6.6 72.1 4 Red-deep red V. soft

2 25.0 3.6 59.4 8.3 1.6 20.6 4 Red-deep red Soft
Market King I 29.3 4.7 52.6 8.0 5.3 66.6 3 Yellowish red V. soft

2 25.0 5.3 59.5 9.6 3.0 28.9 3 Yellowish red V. soft
Ruth 1 22.5 5.0 56.5 17.0 4.0 23.5 4 Deep red Soft

2 21.5 5.5 63.2 17.0 nil 0.0 4 Deep red Firm
Tukon 1 23.2 3.0 56.3 6.3 1.3 20.6 4 Red-deep red SI. soft

2 32.6 3.3 57.3 6.3 0.7 9.7 4 Red-deep red SI. soft
Early Chathem 1 25.0 2.3 57.0 10.3 2.3 22.2 5 Red-deep red SI. firm

2 25.0 1.6 58.6 9.6 0.3 4.1 5 Red-deep red Firm
Best of All 1 29.0 5.7 59.0 10.3 1.3 15.0 3 Yellowish red Soft

2 23.5 4.0 58.5 8.0 0.5 6.3 3 Yellowish red SI. firm
Sanmrzano 1 21.0 5.0 60.1 10.5 1.5 14.5 5 Deep red Soft

2 32.5 10.5 63.0 8.5 0.5 6.3 5 Deep red SI. firm
Red Tcp 1 12.5 5.0 66,3 9.0 nil 0.0 5 Red-deep red SI. firm

2 15.0 6.3 64.3 9.0 ml 0.0 5 Red-deep red Firm
Ailsa Crag 1 27.5 4.0 59.1 10.5 5.0 47.2 3 Deep red Soft

2 40.0 6.0 58.5 8.5 4.0 34.3 3 Deep red SI. soft
E.C. 14166 1 21.5 5.5 56.2 6.5 2.0- 39.3 4 Deep red V. soft

2 20.0 4.5 61.4 6.0 0.5 8.4 4 Deep red Soft.
Tuck Cueen 1 22.5 5.0 52.4 7.0 1.5 20.9 4 Deep red V. soft

2 21.5 4.5 62.2 8.0 1.5 18.4 4 Deep red SI. firm
Poona 341 1 25.0 2.0 57.9 15.0 3.0 20.0 5 Deep red V. soft

2 25.0 3.0 60.3 16.0 2.0 12.5 5 Deep red SI. soft
Meerti 1 28.3 5.3 49.0 7.6 6.6 87.5 5 Deep red V. soft.

mashed.
2 26.6 5.7 53.5 7.3 5.7 75.8 5 Deep red V. soft

mashed.
Turi A'ba 1 21.6 7.0 61.3 7.0 2.3 32.8 4 Red V. soft

2 21.6 6.3 62.6 7.1 1.3 19.6 4 Red SI. firm
Type-S 1 25.0 3.0 52.1 12.0 11.0 91.4 5 Deep red Mashed

2 21.6 1.6 55.2 9.6 6.3 67.9 5 Deep red V. soft
K-1019 1 18.5 4.5 57.2 8.0 1.5 18.4 4 Red V. soft

2 17.5 5.0 59.5 7.5 0.5 7.2 4 Red-deep red SI. firm
*1. Canned without adding CaCl2 ; 2. Canned with added CaCl2. V. - Very; Sl =Slight.
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was added to the covering tomato juice. The cans were 
exhausted to attain can centre temperature of 82 °C, 
sealed, processed for 35 min at 100°C, cooled in water 
and stored at room temperature (25-30°C). Cut out 
examination was performed after a storage period of 3 
months. Head space and vacuum were measured by usual 
procedure, and drained weight by draining the contents 
of the can for 2 min on a sieve of 20.3 X20.3 cm having 
eight mesh per 2.5 cm. Taste and aroma were assessed 
on a five-point scale, 5-very good, 4-good, 3-satisfactory,
2-poor and 1-bad.
R esults and D iscussions

Physico-chemical characteristics: Physical and chemi
cal characteristics of the varieties studied are given in 
Table 1 and 2, respectively.

Tomatoes of most of the varieties were flat to round in 
shape wherein the diameter was greater than the length 
(calyx end to stalk end) except Red Top. In 
Sanmarzano and Ruth the length was greater than the 
diameter. These three varieties had a characteristic 
distinct shape of their own, Red Top being oblong, 
Sanmarzano pear shaped, and Ruth  slightly oval. 
Because of this, they could be easily distinguished from 
all the other varieties and from one another. The fruit 
size of Pusa Ruby, Vokal, Prosperity, Tukon, E.C. 14166, 
Tuck Queen, Meerti, and Turi Alba was quite big, the 
average diameter being more than 5.5 cm. The fruit 
size in all the varieties diminished gradually after fifth 
plucking. Data in Table 1 show the measurements 
taken during the first three pluckings. The loculi varied 
from 2-5 in the individual fruits of the same variety. 
The wall thickness varied from 4 -7 mm. The 
core content was lowest in Ruth and Sanmarzano (0.15 
per cent) followed by Red Top (0.25 per cent). In other 
varieties, the core content was more (0.4-0.95 per cent). 
The peel weight varied from 4 to 6 per cent.

The colour of fruits of Vokal variety was crimson or 
purple red, and hence, this was its distinguishing feature 
from the red colour of other varieties. Pusa Ruby, Tip 
Top, Red Top, Sanmarzano, Tukon, Poona 341, Meerti, 
Turi Alba, Type 9, Early Chathem had deep red colour 
and Vokal had deep purple colour. Pusa Ruby, Ruth, 
Turi Alba, Type 9, Poona 341, Early Chathem, Red Top, 
Tuck Queen, Sanmarzano, E C  14166, #-1019 and Best o f  
A ll had uniform colour. In Tuck Queen and Tukon varie
ties, the intensity of the red colour was more in peeled 
fruit than in the unpeeled fruit and it was so to a lesser 
extent in Pusa Ruby, E.C. 14166, Tip Top, Money Maker 
Early Chathem, Meerti, Turi Alba and Type 9 varieties. 
In Prosperity, M arket King and Best o f  A ll varieties the 
colour of the peeled fruit was less as compared to un
peeled one.

Sanmarzano had the lowest acidity (0.33 per cent)

while Meerti, the highest (0.69 per cent). Brix was 
highest in Ruth (5.23 per cent) and lowest in Early 
Chathem (3.2 per cent). Chemical constituents did not 
affect the canning behaviour of tomatoes which confirms 
earlier findings of Asselberg16 who reported that two 
varieties of tomatoes having almost the same chemical 
composition, did not behave similaily on canning.

Cut out results: The results of cut-out analysis are 
given in Table 3 which represent the average of the values 
obtained from 2-3 cans opened at a time.

The overall texture of tomatoes of most of the varieties 
suffered on canning resulting in the softening of 
tomatoes. Texture in the canned product was better in 
Early Chathem, Red Top and Ruth varieties. In the 
varieties Poona 341, Meerti, Type 9, Turi Alba, although 
the initial texture of tomatoes was very firm, on canning 
they became highly soft, and showed high breakage; the 
tomatoes were practically mashed in Meerti and Type 9.

With respect to disintegration of tomatoes, none of 
the varieties excepting Red Top faired well in the case of 
control lots (Table 3). Addition of calcium chloride as a 
firming agent, helped in controlling disintegration to 
varying degrees in different varieties. It has pronounced 
effect on Red Top, Ruth and Prosperity varieties where in 
no disintegration was observed in the treated lots. 
Disintegration was also considerably reduced in Early 
Chathem, Best o f  All, Sanmarzano, K -1019, E.C. 14166 
and Tukon varieties. In other varieties, the extent of 
disintegration was very high from 11.4 to 91.4 per cent. 
The colour of the varieties which showed less breakage 
under calcium chloride treatment was also good, being 
red to deep red except in Prosperity and Best o f  A ll 
varieties, in which case, the colour was poor and unat
tractive. High disintegration was noticed in the varieties 
Pusa Ruby, Vokal, Poona 341, Turi Alba and Type 9, 
which otherwise had good attributes for canning because 
of very deep ar.d highly attractive uniform colour. 
Canning did not affect the colour of tomatoes to any 
noticeable extent. The can condition was good and 
practically same :n all the varieties. The observations 
were similar when the cans were examined after 6 and 9 
months of storage.

Conclusions: Red Top was the top ranking variety 
for purpose of canning as whole tomatoes and this 
further confirmed the earlier findings3. There was no 
disintegration even in untreated tomatoes in all the cut
outs. It also had good colour, smooth surface and a 
small core. Next in order of performance were varieties 
Ruth, Early Chathem and Sanmarzano. Prosperity and 
Best o f  All, though had less disintegration deteriorated 
in colour after peeling and hence not satisfactory for 
canning. In E. C. 14166 and #-1019, the disintegration 
was close to the maximum permissible limits. On the 
whole, the performance of varieties having elongated or
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pear shaped tomatoes were better. In these varieties, 
Red Top and Sanmarzano were pear shaped and Ruth 
oval s iaped and this is in agreement with the findings of 
earlier workers14’17.
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Effect o f Addition o f Formalin and Storage on Chemical
Composition o f  Paneer
K. B. H aridas and  K. M. N arayanan -  

National Dairy Research Institute, Karnal, India.
Manuscript Received: 26 February 1976

Paneer, an acid coagulated milk product, could be preserved well for 6 days with the addition of 0.4% (V/W) formalin for carrying 
out further analysis. On further storage it became mouldy and decreased in fat and total nitrogen content and increased in water, 
soluble nitrogen, tyrosine and acidity.

Ru e 19 of the Prevention of Food Adulteration 
Rules, 19551 permits a food inspector to add a preserva
tive as may be prescribed from time to time to the sample 
for purposes of maintaining it in a condition suitable 
for analysis. Rule 20 prescribes the names of foods to 
which formalin can be added, but Paneer which is an acid 
coagulated perishable milk product does not find a place. 
It is not known how long Paneer could be preserved by 
addition of formalin without changing its composition; 
a study on this aspect was carried out.
M ateria ls  and M ethods

Ten separate batches of Paneer prepared at the 
Experimental Dairy of the Dairy Technology Division, 
National Dairy Research Institute, Karnal were collected

for the investigation. They were individually mixed well 
with 0.4 per cent (v/w) formalin (about 40 per cent w/v 
formaldehyde solution) and stored in clean sterile 125 ml 
stoppered glass bottles at 30°C in dark. In each batch, 
sufficient number of samples were stored so that at 
each time of analysis separate sample could be taken 
for investigation. A set of control samples were also 
stored without adding formalin. At regular intervals, 
both control and preserved samples of each batch were 
checked for their general condition (such as mouldiness) 
and analysed at random. The samples after making up 
the volume by adding distilled water for any loss in 
weight were analysed for acidity2, moisture fat,3 soluble 
and total nitrogen4 and tyrosine5. The physico-chemical 
constants of the extracted fat were also determined6.
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R esults and D iscussion
The moisture and fat (on wet basis) contents of the 

Paneer samples varied from 50.3 to 55.6 per cent (average
52.6 per cent) and 24.3 to 28.5 per cent (average 26.2 per 
cent), respectively and they were within the limits of 
chemical standards prescribed for Paneer.

The effects of addition of 0.4 ml per cent formalin and 
the chemical composition of Paneer are shown in Fig 1. 
During the storage period no mould growth was observ
ed in the Paneer samples for a period of 5-6 days after 
which they became mouldy and putrid. The average 
acidities (expressed as lactic acid per cent) of the samples 
for storage periods of 0, 6, 7, 14 and 21 days were 0.55, 
0.55, 0.57, 0.61 and 0.66 respectively. From Fig. 1 it is 
seen that there were no appreciable changes in the 
chemical composition studied for a storage period of 
6 days. However, on subsequent storage there was 
decrease in fat and total nitrogen contents, and in
crease in water-soluble nitrogen, tyrosine and acidity. 
The percentage decrease in fat content of the preserved 
sample for storage periods of 7,14 and 21 days varied 
from 0 to 1.8 (average 1.0), 2.4 to 5.7 (average 3.9) 
and 5.4 to 9.0 (average 7.1) respectively. These decreases 
in fat contents may be due to lipolysis of fat. The 
percentage decreases in the total nitrogen for the co
rresponding periods varied from 0 to 5.0 (average 2.1)
2.6 to 11.9 (average 6.3) and 4.1 to 14.3 (average 8.0) 
respectively. The percentage increases in water soluble 
nitrogen contents of the preserved samples for storage

c
-D

I

T O T A L  n i t r o g e n

Fig. 1. Effect of addition of 0.4% Formalin and subsequent storage on composition of P an eer.

T a b l e  1 .  e f f e c t  o f  a d d it io n  o f  f o r m a l in  o n  p a n e e r  a n d  s u b 
s e q u e n t  STORAGE ON THE PHYSICO-CHEMICAL CONSTANTS 

OF THE EX TRACTED FAT * 1 2 3 4 5 6

Physico-chemical constants. Storage days0 8
Reichert value 31.1 30.9
Polenske value 1.4 1.4
Iodine value 33.9 33.7
Butyro-refraclometer reading (40°C) 42.5 40.7

periods of 7,14 and 21 days varied from 0 to 100 
(average 50) 50 to 200 (av. 89) and 100 to 250 (av. 
150) respectively. The corresponding increases in the 
tyrosine contents of the samples varied from 0 to 130 
(average 56), 104 to 210 (average 138) and 168 to 494 
(average 273) respectively. These increases in water 
soluble nitrogen and tyrosine contents may be due to 
proteolytic changes taking place in the materials during 
storage.

Since significant changes took place in the fat contents 
of the preserved Paneer samples after a storage period 
of 8 days, it was necessary to study the changes in the 
physico-chemical constants of their extracted fat. The 
results are shown in Table 1. From this it is seen that 
there were only slight changes in the physico-chemical 
constants of the fats.

The control samples of Paneer (without preserva
tive) showed considerable mould growth during a 
storage period of 2-3 days and decrease in fat and 
total nitrogen, and increase in water-soluble nitrogen, 
tyrosine and acidity. A comparison of these data with 
those observed on preserved samples showed that addi
tion of formalin at the rate of 0.4 ml per cent is beneficial 
to increase their storage period from 2 to 6 days.
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A simple colorimetric method based on Seliwanoff reaction has been developed for quantitative estimation of sucrose in ice-cream. 
The method comapred well with the standard copper reduction method.

The estimation of sucrose in milk products like ice
cream, sweetened condensed milk, khoa and others is 
usually made by the classical Lane-Eynon or Munsen 
Walker or polarimetric method, after de-proteinization 
of the test sample. The colorimetric methods for the 
estimation of reducing sugars are based on the reduction 
of alkaline solution of copper to cuprous oxide and its 
reaction with phospho-molybdic acid1 or on the reduc
tion of picric acid to picramate. These methods have 
also been adopted to estimate sucrose after hydrolysis. 
Wilkman and Davison2 used this method for the deter
mination of glucose and sucrose in corn syrup and after 
modification for the simultaneous determination of 
lactose and sucrose in dairy products by Perry and Doan3. 
Garcglio and Stella4 used diphenyl amine reaction and 
chloroform extracts of the colour to estimate sucrose in 
milk Colorimetric estimation of lactose and sucrose in 
milk and its products using 3,6-dinitrophthalic acid was 
carried out by Mamose and Mukai5. Birch and Mwan- 
gelwa6 developed a colorimetric method using phenol- 
sulphuric acid for the determination of lactose and 
sucrose in condensed milk products. Sucrose in ice
cream and frozen milk could also be estimated by iodo- 
metric methods7. So far the Seliwanoff reaction which 
used to distinguish a ketose from an aldose has not been 
applied to the quantitative determination of sucrose 
in dairy products. Since dairy products like ice-cream 
contain added sucrose and the lactose present is not 
responsive to the Selliwanoff reaction, a simple color
imetric method using resorcinol for the estimation of 
added sucrose has been described here.
M a teria ls  and M eth ods

The method consists of heating deproteinised filtrate 
of ice-cream with resorcinol in concentrated hydrochloric 
acid and measuring the colour using a colorimeter. The 
maximum absorbance is at a wavelength of 490 m/4 
(Fig 1). The exact chemical nature of the coloured che
mical compound formed is not known.

A_i accurately weighed quantity of ice-cream (about

10 g) was made up to 250 ml with distilled water along 
with four or five drops of a solution of lead acetate (40 
per cent w/v) in water, to precipitate the proteins. A 
slight excess of lead acetate did not affect the results. A 
Suitable aliquot of the protein-free filtrate was taken in a 
test tube of 15 cm x 1.5 cm, and heated with 0.1 per 
cent resorcinol (2 ml) and concentrated HC1 (6 ml of 
12 N solution) for different durations and temperatures 
to develop the colour.

Effect o f  concentration o f  acid: The quantity of
concentrated HC1 used was according to Allport and 
Keyser8.

Effect o f  concentration o f  resorcinol: Slight changes 
in volume of 0.1 per cent resorcinol had no effect on the 
colour intensity.

Stability o f  colour: The colour remained stable even 
up to three hours. Storage over a period of one week 
under refrigerated condition gave reproducible results, 
whereas samples kept outside at room temperature 
gave lower results besides developing mouldy growth. 
Similarly the protein-free extract could be stored under 
refrigeration for later development of colour.

Wave length (m/4)
Fig. 1. Absorbance spectra of the resorcinol colour complex
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Sugar in mg
Fig. 2. Standard curve for sucrose

Effect of non-protein nitrogenous compounds: 
Addition of urea at 2 per cent level did not interfere 
with the intensity of colour.

Recovery experiments: Trials on recovery of added
sugar to ice-cream were made and a slightly higher 
value of 103 per cent recovery was found. The standard 
prepared with sucrose (B.D.H. Analar) indicated that
T a b l e  1 . s u c r o s e  c o n t e n t  o f  i c e - c r e a m  a s  d e t e r m in e d  b y

STANDARD LANE-EYNON METHOD AND 
RESORCINOL METHOD

Sample No. Sucrose %Lane-Eynon Resorcinol
1 14.90 15.62
2 15.68 15.69
3 14.74 14.50
4 15.57 15.13
5 15.94 15.56
6 14.64 14.75
7 15.02 14.88
8 14.29 14.75
9 13.55 13.88

10 14.80 14.19
11 14.90 14.75
12 13.30 13.88
13 10.52 11.00
14 14.69 15.37
15 14.74 15.50
16 14.90 15.50
17 15.49 15.50
18 14.66 14.00

Mean 14.57 14.69

Table 2. precision of the resorcinol method

Replicate Sucrose % Difference!'1) Difference (d2)
1 15.5C +0.051 0.002601
2 15.69 -0.139 0.019321
3 15.63 -0.079 0.006241
4 15.81 -0.259 0.067081
5 15.50 + 0.051 0.002601
6 16.0C -0.449 0.201601
7 15.25 + 0.301 0.090601
8 15.50 + 0.051 0.002601
9 15.38 +0.171 0.029241

10 15.25 + 0.301 0.090601
Mean 15.551
S.D. 0.24

Beer’s Law is obeyed when the concentration of sucrose 
in the test solution is upto 0.2 mg (Fig 2). The samples 
of ice-cream prepared for the test should not exceed 
this limit; the sucrose of the test filtrate of ice-cream 
has been diluted to bring down its concentration well 
within this limit as described in the procedure. An 
ice-cream sample containing the maximum permitted 
sucrose content of 15 per cent will thus have in the 
final test sample 0.12 mg sugar.

The sucrose content of 18 samples of commercial 
ice-cream was determined both by Lane-Eynon volu
metric method and the resorcinol colorimetric method 
described here (Table 1). The differences in the values 
estimated by these two methods were not significant.

The precision of the resorcinol method was deter
mined by estimating ten replicates of the same sample 
by the method. The reproducibility of the values are 
given in Table 2. The replicate estimations indicated 
a standard deviation of 0.24 which is satisfactory for 
routine analysis.
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Pesticidal activity of AltozarR, a juvenile hormone analogue (JHA), was evaluated using khapra beetle (Trogoderma granarium 
Everts)as a test insect. JHA (O.lppm) when mixed in thefood was effective in inhibiting the metamorphosis of normal and diapau- 
sing larvae but 0.5 ppm was required for arresting the metamorphosis of young female pupae.
JHA (0.1 ppm) adsorbed on chalk tablet and filter paper strip when introduced into semolina experimentally infested with insects 
was also sufficient for controlling the development for normal and diapausing larvae. For young pupae, paper impregnated with 1.0 
ppm and tablet with 1.5 ppm of JHA were required. JHA either mixed in the diet or adsorbed on chalk tablets or filter paper strips 
retains its biological activity for over six-months. It is suggested that tablets or strips containing JHA may be employed for pro
tecting stored grain products from insect infestation with minimal hazard of residual contamination.

Potentiality of juvenile hormone analogues (JHA) 
as protective agents against insects infesting stored 
grain and grain products has been demonstrated1-5. 
Ability of JHA to protect commodities from reinfest
ation by insect pests was found to compare satisfacto
rily with common grain protectants such as pyrthrins3’6. 
Usual procedures employed by various workers involve 
spraying or mixing the food with the hormonal analogue 
solution in organic solvents1,3,5, or mixing with dust 
formulations7. Eventhough, these methods are highly 
effective in controlling insect infestations, they are 
unlikely to find commercial application because of the 
introduction of residual contamination in the stored 
foods. These problems can be minimized if JHA can 
be introduced into the storage bins in the form of 
tablet(s) or strip!s) which can be removed when desired. 
Such a possibility has been explored in the laboratory 
using the JHA, AltozarR, ethyl (2E, 4E)-3, 7, 11- 
trimethyl 2, 4-dodecenoate, as the test chemical and 
khapra beetle (Trogoderma granarium Everts) as the 
test insect and the results are presented in this paper.
M ateria ls  and M eth od s

For the preparation of tablets 0.3 ml acetone con
taining 10 to 150 pg of AltozarR was carefully pipetted 
over 1 cmx0.5 cm cylindrical chalk pieces and left 
at room temperature for 4 to 6 hr for the solvent to 
evaporate. Control tablets were prepared in a similar 
manner, without the JHA.

JHA impregnated circular strips were prepared by 
applying 1.5 ml acetone containing 10 to 150 pg of JHA

to a 5 cm diameter Whatman No. 1 filter paper. A 
similar paper in which 1.5 ml of acetone alone was app
lied served as the control. Following evaporation of 
the acetone, the circular paper strips or the tablets were 
introduced into 6 cm x 10 cm containers containing 100 
g of semolina experimentally infested with 18-day old 
larvae, hereafter referred to as “normal larvae”, 75 day 
old diapausing larvae and 0-4 hour old female pupae. 
Diapause was induced by overcrowding of the last 
instar larvae at 34±1°C. These stages were selected as 
they were earlier shown to be susceptible to JHA action«. 
Similarly infested semolina mixed with 10 to 150 jug of 
JHA dissolved in acetone1 served as the standard. The 
dosage of JHA was calculated in relation to the quantity 
of food used and is expressed as parts per million (ppm) 
in the food.

All the experiments were carried out at 34^1 °C and 
5 0 ± 5  per cent R. H. Each dose treatment was replicated 
four times with 100 larvae/pupae per replicate. Emerg
ence of adults/intermediates (larval-pupal or pupal- 
adult«) was scored daily till all the larvae or pupae 
completed either their normal or abnormal metamor
phosis.
R esults

Pesticidal activity of Altozar mixed in the diet: To
test the pesticidal activity of Altozar by the conventional 
standard method1, larvae and pupae of khapra beetle 
were reared on semolina mixed with 0.1, 0.2, 0.3, 0.4 
and 0.5 ppm of JHA.

Normal larvae were unable to complete their meta
159
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morphosis even at 0.1 ppm, the lowest test concentration 
of JHA (Fig. 1A). They developed into larval-pupal 
intermediates within 21.75 days as compared to the 
control larvae which emerged as fully developed, normal 
adults within about 15.5 days of the experiment. At 
concentrations of 0.2, 0.3, 0.4 and 0.5 ppm of JHA in 
the diet, it took 27.25, 31.25, 33.0 and 35.50 days res
pectively before all the larvae emerged as intermediates 
(Fig. 1A).

Incase of diapausinglarvae the diapause was terminated 
by releasing them into fresh semolina as such or semolina 
mixed with 0.1 ppm or higher levels of JHA (Fig. IB). 
Here also the larvae failed to develop into normal adults 
even at 0.1 ppm; they emerged as larval-pupal inter
mediates. In comparison to the control where all the 
larvae developed into adults within about 19 days, the 
period for the emergence of 100 per cent of the larvae 
into intermediates on diets treated with 0.1 to 0.5 ppm 
of JHA was much longer and varied from 32 to 66 days 
respectively (Fig. IB).

When 0-4 hr old female pupae were subjected to a 
similar treatment, a dose-dependent inhibition of meta
morphosis was observed with 100 percent inhibition at 
0.5 ppm level of JHA in the diet (Fig. 2). The percentage 
of pupal-adult intermediates increased from 18 at 0.1 
ppm to 95 at 0.4 ppm, while that of adults showed a 
corresponding decline from 82 to 5. Except at 0.4 ppm 
in the diet, where the adults obtained were abnormal and
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sterile, at all the lower dose levels they were normal and 
fertile.

Pesticidal activity of Altozar tablets and paper strips in 
the diet: With JHA tablets in infested semolina (Fig.
IB) none of the normal larvae emerged as adults, but 
they developed into larval-pupal intermediates in about 
16 days at 0.1 to 0.4 ppm JHA and in about 22 days at 
0.5 ppm as compared to 100 per cent adult emergence in 
about 15 days in the control.

Paper strips impregnated with JHA were also effective 
in arresting the development of normal larvae (Fig. 1C). 
However, in comparison to the treatment with JHA 
tablets, the time taken by all the larvae to develop into 
larval-pupal intermediates was much longer.

Diapausing larvae also failed to metamorphose in the 
presence of 0.1 to 0.5 ppm of JHA tablets as well as 
paper strips (Fig. IB and C). As compared to the control 
where 100 per cent adults emergence was observed 
within 19 days of experiment, the period for the emerg
ence of 100 per cent larval-pupal intermediates on 0.1 
0.2, 0.3, 0.4 and 0.5 ppm JHA tablets (Fig. IB) was 19, 
24, 27, 28 and 32 days respectively. On JHA strips (Fig.
IC) of identical concentrations however the correspond
ing periods were 32, 35, 39, 59 and 68 days respectively.

JHA tablets and paper strips were also effective in 
arresting the metamorphosis of 0-4 hr old female pupae 
(Fig. 2). However, doses of 1.0 and 1.5 ppm of JHA 
were required respectively when strip and tablet were 
used for achievingcompleteinhibition of metamorphosis. 
At lower concentrations a mixed population of adults 
and pupal-adult intermediates was recorded. The 
adults obtained at and above 0.5 ppm JHA concentration 
whether as tablets or strips were sterile.

Dose (ppm)
Fig. 2. Results of bioassay of Altozar on 0-4 hr old female pupa of T ro g o d erm a  g ra n a riu m  Everts.
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S ta b ili ty  o f  A lto za r  ta b le ts  a n d  s tr ip s: Tablets and 
strips of Altozar prepared as described earlier were 
stored in closed high density polythene containers for 
about six-months at 34±1°C and 50-60 per cent R.H. 
Pesticidal activity of these stored tablets and strips was 
assessed against normal khapra beetle larvae and the 
results were more or less similar to the ones obtained 
with freshly prepared samples (Fig. IB and C) indicating 
that tablets and strips retain most of the JHA activity 
even after six months of storage. Preliminary studies 
also indicated that JHA tablets and strips stored for 
six-months were equally effective in arresting metamor
phosis of T riboliu m  castaneum .

D iscussion
Earlier studies8 on khapra beetle have shown that at 

34^1 °C a concentration of 20 ppm of ethyl farnesoate 
in the diet was sufficient to arrest the metamorphosis of 
normal as well as diapausing larvae, while for young 
pupae a dose of 300 ppm was required to achieve the 
same effect.

Present studies indicate that Altozar is several fold 
more active than ethyl farnesoate and a concentration of 
0.1 to 1.5 ppm in stored food would be sufficient to 
protect it from khapra beetle infestation. Further, JHA 
adsorbed on inert materials such as chalk and cellulose 
retains most of its activity for several months. It is 
possible that environmental factors viz., light, U.V. rays, 
moisture, etc., which are generally responsible for the 
rapid degradation of JHA in the fields may not be 
operating under the laboratory conditions in which 
these were stored. It is, therefore, suggested that the 
JHA tablets or strips can be used for the control of 
khapra beetle and other pests of stored grain products 
such as T riboliu m  castan eu m  without the risk of residual 
contamination. Moreover, JHA tablets appear to have 
added advantage over the other methods of JHA appli
cation inasmuch as the larval diapause is terminated

comparatively earlier and the life-span of normal larvae 
of khapra beetle is also not prolonged significantly8’9. 
This is of great importance as the larvae are known to 
feed intermittently during facultative diapause8,11 and 
thus contribute to increased food losses.

Preliminary studies carried out in the laboratory 
further indicate that tablets containing higher concent
ration of JHA are required when the insects were tested 
in larger containers with same quantity of semolina. 
Effective JHA dose for bulk food commodities, therefore, 
needs to be ascertained together with alternate adsor- 
bants and easier and practical method(s) of impregnation 
of JHA in inert media.
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R E S E A R C H  N O T E S

C H A N G E  O F  p H  I N  P IC K L E D  Q U A IL  E G G  A T  
R O O M  T E M P E R A T U R E

T he changes in  p H  o f p ickle solution, white and yolk  
com ponents o f hard  boiled quail eggs, p ickled in  com 
m ercial v inegar were studied. T he p ickle solution white 
and yo lk  a tta in ed  equilibrium  a t p H  3.9 w ithin 4  days. The 
p H  declined rapidly  in  egg white and slowly in  yolk.

Pickling of quail egg was first initiated by Panda1, at 
the Indian Veterinary Research Institute with a view to 
preserve whole eggs at room temperature, so that these 
eggs could be transported without refrigeration to dif
ferent parts of the country, to extend animal protein 
supply to the vulnerable group of the society. Subsequ
ently, Rao and Panda2 developed formula for pickling of 
quail eggs. Only limited information is available con
cerning the factors affecting the quality of these pickled 
eggs. Work on pickling of chicken eggs has been reported 
by Act on and Johnson3, Bal and Saffores4 and Mc- 
Cready5. The authors have not come across in the 
published literature any detailed work on qualitative 
studies of pickled quail eggs. The present work was 
undertaken to study the changes of pH in pickling solu
tions and hard boiled eggs of quail egg pickle.

Fresh quail eggs obtained from IVRI Poultry Farm 
were properly washed, hard boiled for 20 min in 
boiling water, cooled to room temperature and hand 
peeled. The pickling solution was prepared by commer
cial vinegar and distilled water at the ratio of 1:2 with 
spices and condiments.2 140 quail eggs kept in 
two plastic containers, were completely dipped in pickle 
solution, at room temperature. The pH of pickle solu
tion, separated white and yolk from four hard boiled 
eggs was determined at 0, 2, 4, 6, 8, 10, 12 hr and on 
1, 2, 3, 4, 5, 8, 10, 13 and 15 days from the two containers 
using Beckman pH meter. Yolk and white samples were 
blended with 5 times their weight of distilled water for 
pH measurements.

The change in pH of quail egg components and pickle 
solution during the 15 days period is presented in Fig. 1.

Fig. 1. The pH of quail egg yolk, egg white and pickle solution during different pickling intervals

The pH of yolk declined slowly from an initial pH 
of 6.7 to final equilbrium pH of 3.9 in 4 days, whereas 
the pH of white declined rapidly from an initial value of
8.9 to the equilibrium in 12 hr. The pH of pickle 
solution gradually increased from initial 3.15 to final
3.9 in 4 days. The pH of white, yolk and pickle solu
tion remained unchanged at 3.9 beyond 4 days. The 
decrease of pH in egg white, yolk and the increase in pH 
of pickle solution is due to diffusion of acetic acid from 
pickle solution to the white and yolk. However, the 
stabilization period depends upon the initial concent
ration and the diffusion rate of acetic acid from pickling 
solution medium to egg white and yolk.
Poultry Research Division,Indian Veterinary Research Institute,Izatnagar, U.P.26 D e c e m b e r  1975.
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S T O R A G E  S T A B IL IT Y  O F  E G G  P O W D E R  IN  
F L E X IB L E  P O U C H E S

Flexible pouches m ade out o f paper/.04 mm alum inium  foil/
150 gauge polyethylene have been found suitable fo r gas 
packaging o f egg powder and ensuring a  shelf-life o f  m ini
mum 1 y ea r. T hree ply corrugated board  folder cover by 
way o f protective packaging ensures the in tegrity  o f the pou
ches during transportation , handling and storage.

Egg powder is a service ration item issued to troops 
posted at high altitude areas. The item is currently 
produced in commercial quantity in the country by 
spray drying method and is governed by an I SI 
specification1 which requires that the product should be 
packed in tin containers or flexible containers under 
nitrogen gas. The Army supply corps specification 
largely follows the IS specification but differs mainly in 
respect of solubility requirement which should be a 
minimum of 85 per cent when determined by 
Haennis’ method2. It is well known that for reasons of 
logistics, Army favours flexible packaging as far as 
possible. It was therefore considered necessary to devise 
a flexible pack which could be adopted immediately in 
terms of the existing specification and which could also 
ensure a minimum shelf life of 1 year to be of use to

A. K. Srivastav B. Panda
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Table 1. storage studies of egg powder in  flexible pouches at different field laboratories 
Places an d  perio d s (m onths) a fte r  w hich tested

P art cu lars o f test
Jo d h p u r T ezp u r Leh

In itia l values6m 9m 12m 6m 9m 12m 6m 9m 12m

0 2 inside p ouch  (% ) 1.5 1.1 1.7 * ** 2.1 2.0 1.5 ★ 1.1 to  2.0
1.0 1.5 1.8 * ♦  * 2.6 2.5 0.5 *

M o istu re  (% ) 1.65 2.0 1.6 — 1.6 1.7 1.9 1.9 — 0.87
Solubility  (% ) 97.0 95.3 95.3 — 95.3 95.3 95.3 95.3 — 97.00
O rgano lep tic  ra tin g  L ike very m uch  L ike m o d era tly  Indifferent

♦ Samples an d  re p o rt n o t received. **C ou ldno t be determ ined . m  -  M onths.

the Services. Previous work on consumer packing o f egj 
powder in flexible pouches3,4 did away with gas packag
ing and aimed either at a shorter shelf life or used a 
technique, viz. compression into blocks, that cannot be 
reacily adopted on a large scale.

A flexible pouch pack, like the tin container, must 
retain the nitrogen gas during the whole storage period 
and the oxygen concentration in the package atmosphere 
must remain low—2 per cent or less. Earlier work5 in 
this laboratory has shown that 0.04 mm foil laminate is 
completely impermeable to moisture and oxygen, and 
hence this was used for making flat pouches in sizes 
which could hold 50 to 100 g (size ofthe pouch 17 Xl5 
cm for 50 g; 20 x 18 cm for lOOg) of the product without 
excessive bulging. Flushing with nitrogen gas was done 
under standardised conditions. Filled pouches were 
kept in a vacuum desiccator which was evacuated to a 
vacuum of 27 in. mercury and then the vacuum was 
released with nitrogen. This was repeated twice, and 
then the pouches were heat sealed quickly. On repeated 
checking with the help of Beckman polarographic 
oxygen analyser it gave an oxygen concentration 
between 1 and 2 per cent inside the pouches. For giving 
protection against physical damage in course of handling, 
storage and transportation, two such pouches were 
provided with a 3 ply corrugated board folder cover 
closed by gum tape. The flexible pouches enclosed in 
folder covers were repacked in plywood cases and stored 
at Jodhpur, Tejpur (Assam) and Leh under ambient con
ditions in covered sheds free from rodents. Packs taken 
out at random every three months were sent back to 
Mysore for tests and at the same time some of them were 
issued to the army personnel consisting of 20 to 27 men 
for organoleptic ratings which was done as follows: like 
very much; like moderately; indifferent; dislike mode
rately; dislike very much.

At Mysore the packs were examined for oxygen con
centration, moisture content by ISI method1 and 
solubility of the product by Haenni’s method2. Results 
presented in Table 1 show that the packs retained nitro
gen gas with low oxygen concentration throughout the 
storage period. The product also maintained its low 
moisture content and high solubility during the period 
of storage at all the three places. Organoleptic rating 
varied from place to place but at no place they were 
unacceptable. The experiments indicate that given 
suitable protective packaging a flexible pack initially 
completely impermeable can retain its integrity through
out its period of storage despite handling and trans
portation. The flexible pack devised for egg powder 
conforms to the requirements of specification and is of 
practical value not only for Defence purpose but also 
for the general consumer market. Using paper/,04 mm 
foil/150 G polyethylene laminate and apacksize of lOOg 
the cost of packaging including the outer protective 
folder is found to be comparable to that of a A 2 | can 
containing 350 g.
D efence F o o d  R esearch  L ab o ra to ry , N. N irmala
Jy o th inagar, K. G. G hosh
M ysore-10. T . R . Sharma
29 January 1976.

R eferences
1. Specification fo r  Egg Powder, IS : 4723-1968, Ind ian  S tandards

Ins titu tio n , N ew  D elh i.
2. H aw th o rn e , J .R ., J. Soc. chem. lnd. Lond., 1943, 62, 135.
3. L anger, S. S., A nandasw am y, B. and  B alasubram anyan , N .,

J. F dSci. Technol., 1973, 10, 101.
4. S rivastava, M . P ., N irm a la , N . and  B hatia, B. S., J. Fd Sci.

Technol., 1973, 10, 112.
5. G hosh , K . G ., S ripath iachar, K ., Srivatsava, A . N ., R am an u -

ja m , S., K am eshw ara  R ao , G . an d  V ijayaraghavan , P . K ., 
J. Fd Sci. Technol., 1968, 5, 12.



B O O K  R E V IE W S

Principles of Food Science: Edited by Owen R.
Fennema, Part II. Physical Principles of Food Preser
vation : Marcus Karel, Owen R. Fennema and Daryl 
B. Lund, Marcel Dekker, Inc. New York and Basel, 
1975, pp. 474.
The book under review forms one of the three heads 

under which the subject of Principles of Food Science is 
proposed to be discussed in a series of monographs. As 
stated by the authors in the preface, the purpose of 
bringing out this volume is primarily to provide univer
sity level students with a text book on the subject in the 
absence of any at present. From a review of the publi
cation it appears that the authors have largely succeeded 
in achieving their objective.

The subject matter has been aptly divided into the 
following four parts: (i) preservation through energy 
input; (ff) preservation through temperature reduction; 
(Hi) preservation through water removal; and (iv) pre
servation through storage by packaging.

The introductory chapter deals with the expanding 
world population and the importance of increasing food 
production as well as preservation in the context of 
feeding the hungry millions. With increasing population, 
food sources and supplies are continuously strained. This 
has naturally resulted in greater emphasis on the efficient 
management of raw materials and better processing 
technology requiring more qualified personnel not only 
to handle the existing technology but also to search for 
newer and better methods of food preservation.

The second chapter on “Heat transfer in foods” 
describes the various principles and theories involved 
in heat transfer in foods by conduction, convection and 
radiation. It also includes a short reference to micro- 
wave heating and dielectric heating.

The third chapter exhaustively deals with heat pro
cessing. It particularly explains various factors involved 
in heat penetration, methods of determining lethality 
in thermal processing and recent developments therein. 
The author has explained the phenomena of heat pro
cessing at great length and has taken pains in document
ing the entire write up with relevant tables and figures. 
The importance of this data bank can hardly be over 
emphasised keeping in view the fact that a major portion 
of the total volume of food preservation in the world at 
present is through heat processing.

In chapter IV the radiation preservation of foods 
which is potentially very important and which is sure to 
acquire greater role in the years to come has been dealt 
with. After a vivid description of properties, chemical 
effects and effects on living organisms of ionizing radi
ation, technological aspects of radiation processing are

fully explained with particular reference to stabilization 
of army rations and other selfstable foods.

Chilling and freezing, the two important methods of 
food preservation are presented in the next two chapters. 
These two focus attention on temperature, humidity, 
controlled atmosphere and changes that take place in 
various food materials under cold temperature storage. 
The chapter on freezing discusses super-cooling, crystal
lisation, tissue damage and formation of ice crystals. 
Types of crystallisation have been given particular 
attention to stress its importance.

Since the most important technique of food preser
vation is dehydration, the author has rightly provided 
one complete chapter on equilibrium and rate concent
ration before discussing methods of water removal. In 
the succeeding chapter on water activity, the author has 
brought out lucidly the importance of the concept of 
water activity vis-a-vis food preservation. The applica
tion of lowering of water activity to food preservation is 
given in three chapters, viz., concentration, dehydration 
and freeze dehydration. Various aspects of freeze 
drying like heat and mass transfer, retention of flavours 
and principles of industrial freeze drying etc. have been 
taken care of in one chapter.

No food processing is complete without adequate 
functional packaging. The authors have rightly reserved 
the final and concluding chapter for food packaging. 
The properties and behaviour of different types of rigid, 
semi-rigid and flexible packagings have been explained 
with sufficient theoretical principles so as to enable the 
reader to appreciate and realise the importance of 
packaging.

The book is an excellent monograph of principles of 
food preservation and will be a valuable asset to those 
who are interested in food science. A small printing 
error has been noted by the present reviewer. In page 
394, reference numbers 23, 24 and 25 are missing.

T. R. Sharma

Coffee Solubilization—Commercial Processes and Techni
ques: Food Technology Review No. 28 by Nicholas
D. Pintauro, Noyes Data Corporation, Park Ridge, 
New Jersey, 1975.
The first publication of Food Processing Review No. 

8 on Soluble Coffee Manufacturing Processes by the 
same author brought out the significant manufacturing 
processes for producing soluble coffee giving practical 
information based on the U.S. patent literature 
covering upto 1969. In this edition the detailed infor
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mation based on the U.S. patents dealing with commer
cial processes and modern techniques involving roasting, 
extraction, drying processes, aromatisation and agglo
meration, decaffeination and finally packaging of coffee 
products and different processes have been covered 
up to 1975. The patent literature covers most of the 
information in the field which is not available in the 
Journal literature and hence is very valuable for techno
logical transfer of the different techniques described in 
this book. The presentation of the book giving the table 
of contents as subject index and other indexes by com
pany, inventor and patent number is highly useful as a 
ready reckoner for getting the required information on 
the subject.

The text is broadly divided into different chapters 
concerning several roasting techniques such as puffing, 
fluidized bed roasting, compression roasting and ionising 
roasting, counter current extraction, special extraction, 
filtration and concentration for producing coffee con
centrate beads, recovery techniques for aromatic vola
tiles by recovery of coffee oil and flavour enhancement 
and fortification of soluble coffee by microencapsulation 
and foam mat drying and use of flavour additives and 
fixatives. The book also describes freeze drying processes 
with improved flavour and aroma retention for soluble 
coffee manufacture, agglomeration techniques for im
provement of flavour in soluble coffee manufacture and 
also manufacture of decaffeinated soluble coffee using 
different solvents and also manufacture of decaffeinated 
green coffee by solvent extraction using counter current 
extraction methods and desolventisation. The last 
chapter describes different packaging methods used to 
improve the shelf life of various types of coffee products 
some of them with improved nutritional value including 
coffee concentrates, freeze dried and spray dried instant 
coffee and special products and processes such as coffee 
wafers, coffee tablets and roll-milled coffee, etc.

This book is of vital interest to those concerned with 
research and development work in different areas of 
coffee technology and also to coffee industry. This is 
also a valuable reference and guide book.

N. Gopalakrishna Rao

Edible Starches and Starch-derived Syrups: by Nicholas
B. Peterson, Published by Noyes Data Corporation, 
Park Ridge, New Jersey, 1975.
The book entitled “Edible Starches and Starch-derived 

Syrups” is yet another classified American patent litera
ture collection compiled by Nicholas B. Peterson and 
published by Noyes Data Corporation on the subject of 
edible starches, chemically modified starches and hy

drolysed products prepared from them. The book is a 
good technical review of commercial processes either 
currently practised or having a potential for use in this 
field. The review is in 11 Chapters devoted to individual 
subjects.

Two initial Chapters deal with isolation and utilisation 
of native starches from food materials and the effect of 
simple processes like solvent extraction, toasting, oxid
ation, etc. on their technological propeities. This is 
followed by an interesting Chapter on gelatinised star
ches covering the processing technology of heat gelatini- 
sation and the use of such heat modified starch in food 
products.

The next two Chapters relate to esterified and ether 
linked starches. Esters with carboxylic and phosphoric 
acids as also cross linked derivatives of these and their 
use in snack food manufacture are covered. The starch 
ethers mainly covered relate to hydroxypropylated 
derivatives.

The Chapter on amylose and amylopectin is most 
interesting and covers the recently practised enzyme 
processes for amylose production and the production of 
the enzyme 1-6 glucosidase. Specific uses of high amy
lose starch and waxy amylopectin type straches in food 
industry are also described. Probably this Chapter 
could have been more appropriately presented earlier 
immediately after the Chapter on starch isolation.

Dextrin and other starch degraded products with a 
low molecular weight having desirable properties like 
reduced viscosity, increased solubility or solubilisation 
with low degree of sweetness, etc are treated in the next 
review. The methods of acid hydrolysis, enzyme con
version with alpha and beta amylases as also combined 
acid-enzyme treatment to effect dextrinization have been 
described in detail. An account of the use of such pro
ducts in confectionery practice, special infant and other 
dietetic proprietary foods, breakfast cereals, etc is also 
given.

The last part of the book describes the technology of 
manufacture and utilization of starch based syrups in 
liquid and solid forms and with varying degrees of 
purity to meet various food, feed and pharmaceutical 
needs. The principles and practises of the recently used 
commercial processes using the enzyme method for 
starch hydrolysis are fully described. Methods of spray 
drying of total syrup and crystallization of dextrose by 
different methods are detailed in a separate Chapter. 
Processes for maltose and other low oligosaccharides, 
their use in confectionery as also the production and use 
of sugar alcohols from the maltose syrups are also 
covered in the next review. The last Chapter details the 
technology of fructose production. Both alkaline and 
enzymic methods of isomerisation to convert glucose to 
fructose are described in detail in this Chapter.
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This book gives a detailed account of the recent U.S. 
patent information on the subject of edible starches, 
modified starches and different starch conversion pro
ducts arranged and classified conveniently for study and 
reference. It is a very useful book for the scientist and 
processor and would be a guide to R & D work in the 
field. The book is illustrated with appropriate examples 
in proper context.

H. S. R. Desikachar

Proceedings of the International Food Industries Con
gress: London, May 12-16, 1975, Food Trade Press,
London, 1975.
“The International Food Industries Congress was 

designed to examine and discuss present and future 
problems in food production, conservation and 
processing problems which must be solved in order for 
mankind to survive”. This laudable aim does not appear 
to have received full justice when one peruses the titles 
of papers presented. Apparently there is no uniformity 
in the level of coverages and a random approach in the 
selection of papers. The four themes of the Congress 
have not received an equitable attention. The papers in 
general attempt to bring out the problems of the food 
trade vis a vis the changing pattern of food consumption 
and distribution in the United Kingdom. A few of the 
surveys that stand out are: Milk Processing and Manu
facture—Past, Present and Future possibilities (T.R. 
Ashton), Intermediate Technology for Food Utilization 
in the Developing Countries (J. T. Worgan) the

Baking Industry (T. C. Shaw) and Packaging of Meat 
and Meat Products (T. E. Davies). Quite a few papers 
tend to be propaganda material for the companyproducts 
although emphasizing some innovations. The paper 
“Single-cell Protein as a Feedstuff” (T. Walker) elegantly 
summarises the present status of toxicological and 
nutritional information. Other topics deal with food 
hygiene, pest control, laminates as packaging material, 
oceans as sources of food, etc.

A few innovations that have been brought out include 
“ice-vacuum pack” for fish, uneven glazing of meat, 
pellet freezing for liquid foods, multineedle injection of 
nutrients to pre-rigor meat to manipulate flavour, smoke 
fog treatment to herrings, preparation and use of natural 
vegetable extracts as flavouring agents.

The progress in the food industry in the advanced 
countries has been towards greater automation, increas
ed speed of operations, packaging to suit the super
market and hypermarket mode of distribution and home- 
freezer storage and development of convenience foods. 
In food production, as high a conversion ratio as pos
sible is being attempted even at the risk of deterioration 
of quality of raw foods. From the latter angle, the 
possibility of controlling quality of fruit and vegetable 
by proper nutrient supply to crops (J. Maroussas) and 
improving the flavour and succulence characteristics of 
beef, pork and poultry by the injection of nutrients and 
flavourings (R.J.H. Pannell) appear to be promising 
lines of future research.

The usefulness of the papers would have enhanced if 
proper references were included. The printing and 
production of the book-leave much to be desired.

D. V. Rege
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International Exhibition for the Food & Allied Industries
The 10th International Exhibition for the London Food and Allied Industries takes place at 

the National Hall, Olympia, from 15 to 18th November, 1977.
The food Industries Exhibition covers in depth all aspects of food manufacture, handling and distribution 

including canned, frozen chilled and dried foods, bakery goods and confectionery, meat, poultry and other 
fresh foods, milk products, and soft drinks. Exhibits include ingredients and flavouring, process plant and 
machinery, filling and packaging equipment and machinery, labels and labelling systems, specialised mechanical 
handling equipment, and other products used by food manufacturers, packers and distributors.
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S E M I N A R

Problems and Prospects of Solvent Extraction Industry
in India

O i l  T e c h n o lo g is ts ’ A s s o c ia tio n  o f  In d ia  - S o u th e r n  Z o n a l  B ra n c h

It has been proposed to organise a one and half-day Seminar on “Problems and Prospects in Solvent 
Extraction Industry in India”, on 11th and 12th December 1976, at Regional Research Laboratory, Hyderabad.

The Solvent Extraction Industry has grown from a dozen units to hundreds of units with phenomenal 
progress on extraction of oilcake. The curbs on export of expeller cake and incentives offered to encourage export 
of extracts had added vitality to the industry. While these are encouraging signs, the industry has still to tackle 
several new problems, technical as well as trade, to make further progress and consolidate its position in compe
titive industry.

The objective of this Seminar is to highlight these problems and prospects. The Seminar is expected 
to bring together industrialists, research scientists and technologists, government executives, processors, and 
plant manufacturers and afford an opportunity to discuss their individual problems, chalk out areas cf mutual 
cooperation, coordinate their efforts on improvements, consolidate the gains achieved and sort out areas and 
fields where further work/improvements are needed to bring the industry cn par and gainfully competitive to 
international levels. It is intended to highlight these problems under the following:

1. Raw material
2. Plant and machinery
3. Products and processes
4. Government rules, regulations and policies
5. Current research and other matters
6. Panel discussion and recommendations

We invite your views and papers on all these aspects for presentation. Discussion in the Seminar will be 
centered on the background information, collected by the organisors.

Participating Machinery manufacturers who intended to exhibit or highlight their plant features will be 
given all facilities to exhibit charts, products, raw materials or machineries during the Seminar.

F o r  f u r t h e r  d e t a i l s  w r i t e  to :
Dr. J. P. MISRA

H o n o r a r y  S e c r e t a r y
O. T. A. I. (SZB)

H Y D E R B A D - 5 0 0  0 0 9  (A .P .)



FORTIFY

Vitamin Premixes containing 
Vitamin A and other vitamins 
like Bi, B2, D, E can be made to 
suit your specific requirements. 
For further details regarding 
levels to be added, methods of 
incorporation etc., please contact; 
the Sole Distributors:
Voltas Limited.

Premixes can also be used in 
Malted Milk Foods Confectionery 
Weaning Foods.

M a n u f a c t u r e d  b y :

ROCHE PRODUCTS LIMITER 28, Tardeo Road, Bombay-34 WB



INSTRUCTIO NS TO CONTRIBUTORS
1. Manuscripts of papers should be typewritten in double space on one side of the paper only. They 

should be submitted in trip licate. The manuscripts should be complete and in final form, since no 
alterations or additions are allowed at the proof stage. The paper submitted should not have been 
published or communicated anywhere.

2. Short communications in the nature of Research Notes should clearly indicate the scope of the 
investigation and the salient features of the results.

3. Names of chemical compounds and not their formulae should be used in the text. Superscript and 
subscripts should be legibly and carefully placed. Foot notes should be avoided as far as possible.

4. A bstract: The abstract should indicate the scope of the work and the principal findings of the 
paper. It should not normally exceed 200 words. It should be in such a form that abstracting 
periodicals can readily use it.

5. T ab les: Graphs as well as tables, both representing the same set of data, should be avoided. 
Tables and figures should be numbered consecutively in Arabic numerals and should have brief 
titles. Nil results should be indicated and distinguished clearly from absence of data.

6. Illustrations: Line drawings should be made with Indian ink on white drawing paper preferably 
art paper. The lettering should be in pencil. For satisfactory reproduction, graphs and line draw
ings should be at least twice the printed size. Photographs must be on glossy paper and contrasty; 
two copies should be sent.

7. Abbreviations of the titles of all scientific periodicals should strictly conform to those cited in the 
World List of Scientific Periodicals, Butterworths Scientific Publication, London, 1962.

8. R eferences: Names of all the authors should be cited completely in each reference. Abbreviations 
such as et al., should be avoided.
In the text, the references should be included at the end of the article in serial order.
Citation of references in the list should be in the following manner:
(ia)  Research Paper: Menon, G. and Das, R. P., J. sci. industr. Res., 1958, 1 8 , 561.
(b) Book: Venkataraman, K., The Chemistry of Synthetic Dyes, Academic Press, Inc., New 

York, 1952, Vol. II, 966.
(c) References to article in a book: Joshi, S. V., in the Chemistry of Synthetic Dyes, by Venkata

raman, K., Academic Press, Inc.. New York, 1952, Vol. II, 966.
(d) Proceedings, Conferences and Symposia: As in (c).
(e) Thesis: Sathyanarayan, Y., Phytosociological Studies on the Calcicolous Plants of Bombay, 

1953, Ph.D. thesis, Bombay University.
( / )  Unpublished Work: Rao, G., unpublished, Central Food Technological Research Institute, 

Mysore, India.
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